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CHAPTER I 
MENTAL RETARDATliON : AN APPRAISAL 
I, Mental Retardation » An Appralaal 
1. Introduction and Deflnitjona 
People of very low Intelligence Quotient (IQ) level 
are termed as mentally retarded and th« condition is termtd as 
mental retardation (Ellis 1963, Kimble et al , 1974) .The normal 
range of IQ distribution in & population follows a binomial 
pattern (Burt and Howard 1956, Gottesman 1963) , the majority 
of the population forms the average group of individuals, where-
as the remainders form the minority on either side of the 
average. Those having the above average are put as bright 
and genius, while those below average are borderline and imbe-
ciles/idiots (Weschler 19 74). The lower extreme of the picture 
therefore, is spoken as mentally retarded (3% of thep popula-
tion) in contrast with the upper extreme which is regarded as 
the gifted. Mental retardation seen thus is a natural biologi-
cal phenomenon with the manifestation of intellectual and 
behavioural trait in man (Allon 1958, Penrose 1963) . 
Apart from this sourco of mental retardation (75X of 
the total MRS) , called also as familial mental retardation 
(Zigler 19 67), defined organic defect in the anatomy, physio-
logy or biochemistry of the brain, as well as nervous function, 
may result due to alteration In protein structure,caused by 
one or the other type of mutationichromosomal or single gene). 
These cases are highly scattex'ed in the population (being 
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discontinuous) and pose s e r i o u s threat to the indiv idual , 
rather the family, a f f ec ted as they may be due t o various 
types of d i s e a s e s transmitted in Mendelian fashion(Mckusick 
1987) or aneu|)loidy. These have t o be d e a l t with properly 
with r e s p e c t t o t h e i r management and pose s er ious problem 
to medical g e n e t i c i s t s ( J e r v i s 1959) • 
Some e f f e c t s of the environmental agents and fac tors 
can a l s o be assoc ia ted with matal re tardat ion CAhuja and Isaae, 
1983, Dutta et j i . 1989). These are various forms of i n -
t rauter ine i n f e c t i o n s , i r r a d i a t i o n (Yamazaki e t a l , 1954), 
i n j u r i e s , trauma or even ef i fects of c e r t a i n drugs which prove 
d e l e t e r i o u s on the developrnent of the foe tus and oT growth 
and maturation of the nervous system ( I l l ingworth 1980^,as 
a l so seen in animals(Leathwood 1978, Zamenhoff e t a l 1978, 
J o f f e y e t ajL 1978) .Such e f f e c t s are c a r e f u l l y i s o l a t e d to 
confirm the ae t io logy , and hence to forward proper advice 
and c o u n s e l l i n g to help the a i l i n g f a m i l i e s (Fuhrmann and 
Vogel 1982, Mi^unsky 1975, Stevenson J | t _ a l 19^6 ) • A long 
l i s t of of such causes and agents have been found which are 
h igh ly d e l e t e r i o u s to the mental development of ind iv idua l s 
add 
and hence qu i t e s i g n i f i c a n t l y / t o the malady (Datta 1982) , 
Beside^^ t h i s , s u f f i c i e n t psycho log ica l and emotional f a c t o r s , 
re la ted with rearing and t ra in ing are a l s o found to <2ffect 
the abnormality (,9obeI, L96l, i l l i-ngworth, 1967, 1980, B e l l , 
1970,. Gamer et al . 1976)« 
of 
While the problem/mental re tardat ion sl irply concerns 
with the hindrance, de lay on defec t In the Cognit ive a b i l i t y 
(thinking) of an ind iv idua l , and hence a b o t t l e neck in 
deal ing with t h e i r environment, ( B r i t i s h Wood Report 19 29) , 
there are another de fec t s in ter fer ing with the co -ord inat ion 
of d i f f e r e n t motor and sensory a b i l i t i e s r e s u l t i n g into abnormal 
behaviours and p e r s o n a l i t y . The l a t e r i s termed as mental 
pathology (Psychos is , neuros i s . Insani ty e t c ) , or abnormality 
(Lange 1929 ,Ful ler and Thorrpson 1960), rather than subnormality, 
and both taken together are put under mental defect(Penrose 
1933)1 i Mental re tardat ion i s thus a condi t ion of mental 
subnormality, rather than abnormality some form of which Is 
sometime seen even with the g i f t e d peop le . Yet a third a t t r i b u t e 
can be there which can be put as mental s p e c i a l i t y or ap t i tude . 
Hence we are credi ted with a three - fo ld scheme;mental abnorma« 
l l t y , subnormality, and s p e c i e i l i t y , A person can be assessed 
d i f f e r e n t l y for d i f f e r e n t a t t r i b u t e s in fac ing with the d i f f -
erent , demands of the environnrent and the de fec t with any of 
them can be tackled s i m i l a r l y . Here we s h a l l concern only 
with a very grave and s e r i o u s aspect of mental defec t l . e , 
mental re tardat ion , which though poses a great s t r a i n over 
s o c i e t y , s t i l l , presents t o us a category of individuals 
which show ample of c h i l d - l i k e s in^^lic i ty and pose no s e r i o u s 
threat to the peace and harmoijy of our s o c i e t y , robbed,unfor-
tunate ly sometime even by the most i n t e l l i g e n t and the g i f t e d . 
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1,2 Nomenclature t Ever since Galton (1869, 1889) through 
,1 Binet and Simon (1907) t o Goddard^/^nfe'ne of a assessment 
of mental f a c u l t y has been t r i e d , and the d i f f erence of 
p o t e n t i a l i t y versus achievement h i g h l i g h t e d . Later on, 
e x p l i c i t schemes Were g iven by d i f f e r e n t ^ authors in d i f f e -
rent c o u n t r i e s . Usual ly 'h igh ' and low grades* of capac i ty 
are used which denote r e s p e c t i v e l y mild and high (severe) 
cases of re tardat ion . Teritjs l i k e o l igophrenia (Scandinavian) 
ameptia, anergasia psych as theniia, and phrenasthenia are a l s o 
used whi le subnormality (Engl i sh)or d e f i c i e n c y (American) 
i s q u i t e common, A normal way of e g r e s s Ing terminology for 
d i f f e r e n t countr ies i s g iven below i 
Table - 1 
Nomenclature of Mentally re tardates 
Degree 
of 
de fec t 
B r i t i s h American French Approximate Binet 
I n t e l l i g e n c e l e v e l 
Children Adult 
Mild 
Severe 
Severe 
All 
grades 
Feeble-
minded 
Imbecile 
Idiot 
Mentally 
defective. 
Moron 
Imbecile 
Idiot 
Feeble 
minded. 
Deblie 
Imbecile 
Idiot 
Arriere 
oligophren 
50 -
20 -
0 -
ic 
69 
49 
19 
7-10 
3-6 
0-2 
mental ly mental ly 
handicapped, retarded 
mental ly 
subnormal 
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1.3 Incidence s Earlier literatures (Penrose 0£, clt) 
considered mental defect, rather than mental retardation, 
and Institutional crlttsrla were used. This was more social 
than biological. A table of mental hospital beds is 
Included (It shows an incidence of 0 to I perhouse~holdl. 
incidence of 
Country 
Table - 2 
Mental Retardation as in Hospital beds in different 
Countries 
InProates 19 35 
Number Incidence 
•l/n 
(per thou. 
s and) 
d/n 
Insane Defective Insane Defective 
England and 
Wales 
S c o t l a n d 
Denmark 
U .S .A . 
S w i t z e r l a n d 
Canada 
Germany 
France 
Norway 
I t a l y 
F in land 
Japan 
4 0 . 0 0 
5 ,00 
3 .70 
127 .50 
4 . 1 5 
11 .0 
66 .40 
4 1 . 8 0 
2 .80 
4 2 .20 
3 .67 
9 7 . 7 0 
1 5 0 . 3 
1 8 . 4 
9 „ 2 
409,, 6 
1 3 . 5 
3 0 . 6 
1 3 0 . 5 
8 6 . 3 
5 . 4 
7 5 . 1 
6 , 0 
1 5 . 6 
38 .8 
2 . 9 
5 . 4 
8 0 , 4 
2 . 1 
7 . 7 
28.9 
10 .4 
0 . 3 
8 . 3 
0 . 0 
0 . 7 
3 .75 
3 .78 
2 .77 
3 ,21 
3 .21 
2.80 
1 .96 
2 .06 
1 .73 
1 .77 
1 .62 
0 . 1 6 
0 . 9 7 
0 . 5 8 
1 .46 
0 . 6 3 
0 . 5 1 
0 . 7 0 
0 . 4 4 
0 . 2 5 
0 . 1 1 
0 . 2 0 
0 . 0 1 
0 . 0 1 
A direct incidence from jDopulation survey is a better 
reliable source, though, it in slightly complicated, due to 
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higher mor ta l i ty of the defectlves(Q'Connor 1958) , Two surveys 
the B r i t i s h Royal CoiTiiriission( 1904) ^ and Departmental wood 
Coimtittee (19 2^, reported tlie Incidence of 416 per thousand 
and 8,57 per thousand r e spec t ive ly (Tredgold 1908). The r a t i o 
of i d i o t , imbecile and feeble minded i s 5»20»75 . Age-wise 
brakeup puts maximal con t r ibu t ion during school age (25.6) 
or 3%, 
Table - 3 
Incidence of defec t ives by Age group 
Age group Population 
sampled 
Defectives 
Ascertained 
Incidence (per 
thousand in population) 
0 - 4 
5 - 9 
1 0 - 1 4 
1 5 - 1 9 
2 0 - 2 9 
3 0 - 3 9 
4 0 - 4 9 
5 0 - 5 9 
60-f 
57 
57 
58 
57 
10 2 
91 
8 2 
60 
59 
69 
88 2 
1 4 8 6 
6 1 7 
8 6 0 
515 
4<>1 
294 
170 
1.2 
15.5 
25,6 
10,6 
8.4 
5.7 
5.4 
4.9 
2.9 
Total 623 5 334 8.6 
(boys) to 
Other surveys have reported incidence from 1/0.9 
percents (girls) (Binet & Sliron 1907) to 2.6 percent 
(Dayton 19 39), etc. 
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i .4 3ioloqy_ Qf,,.*^gG!^aJ: ^ Rftardation 
i) Intelligence variation t 
A frequency distribution of the IQ scores (Galton 
1869) had first suggested a Gatiisslan distribution taking 
from Quetftlet tenet (i846). J^ e^ variation of physical 
stature in man in a population shows a normal distribution 
pattern. Pearson (1914) first realized thu problem and pre-
sented curves on Jaederholm^s data (Pearson 1931); calling 
for a correlation between defect and testscore to be 0,8 as 
also correlated by Thorn-dike (19 25). 
2) Age and Sex Variation s 
More males than females are represented in the catogery 
of mental retardates, (Lewis 1929) as per Colchester survey (i 955) 
as also corroborated by a higher standard deviation, rather 
co-efficient of variation for males than females (Pearson 
1877, Scotish survey 19 33, Duff and Thomson 19 23, Roberts, 
Norman and Griffiths 1945). An explanation extended by 
scientists is not purely biological, as more cases of males 
are institutionalized, probably more due to difficulty in 
looking after them, 
3) Anthropometry t 
Some correlation with physical measurements have also 
been tried to predict intelligence level. Low-stature and 
mean-weight are common among morans, imbecile and idiots 
(Goddard 19 21) , Strength of gr ips showed p o s i t i v e c o r r e l a t i o n 
(r • i 0 , 62 / + 0.81) with I n t e l l i g e n c e l e v e l in d e f e c t i v e s ; 
within the mental d e f e c t i v e s , poor c o r r e l a t i o n value (+ 0 , 3 , 
+ .0*24) have been represented (Doll 1916, Ashby and Stewart 1933) 
On the other hand IQ and weight and IQ and he ight c o r r e l a t i o n s 
are low i . e , 0.324 and anriong the cr indnals 0.154(Whlting 1915), 
probably due t o disturbed growth and endocr ines . Head s i z e , 
and brain weight are p h y l o g e n e t i c a l l y found to be higher in 
being 
man, (due mainly to cerebral- c o r t i c a l and grey matter,/ increased 
d i f f e r e n t among males and females , A f a i n t corre la t ion (0 .097 , 
0.139) i s found between head s i z e and i n t e l l i g e n c e (Pearson 
1902); a s l i g h t l y more c o r r e l a t i o n value ( . 0 8 , 0,31) i s found 
with cran ia l capaci ty (Lee's formula 1901 ^Eastabrooks 1928) , 
A longer mean value for d e f e c t i v e s are common though v a r i a t i o n 
i s increased, (Sy lves ter 1957) , as a lso seen in measurements 
for convolut ion width (Ashby and Stewart 19 35) , The measurements 
with hydrocephal ics and . .microcephalics are s i g n i f i c a n t l y born 
out . The means in d e f e c t i v e s are low (140 2 cc) as compared with 
normal (1423 cc) though standard dev ia t ions were larger in 
fewer cases (134; 8 9 ) , Measurement below 5 years are r e l i a b l e . 
Some f i g u r e s of mean lengtti , breadth and he ight are taken. 
4 , Dermatoq1yop i c s t 
The configurat ion of dermal sweet gland r idges on 
palmer and p lanter surfaces are termed as dermatogl;yphics. 
Q _ 
Studied by Galton (189 2) and quantltatlated by Bonnevle 
(19 24); these patterns show hereditary Influences. Cununlns 
(1936) demonstrated dermatoglyphlcs In mentally retardates/ 
in mongols there is often found a transverse alignment of 
the palmer ridges. 
5) General Physique t 
Mentally defectives are usually physically inferior 
and suffer from social, nutritional and clinical disabilities 
viz. Skin diseases infestation and veneral disease (Hodgson 
1941) , neurological diseases (Williams 19 26; Gordon, Norman 
and Berry 19 33) ; lowering of IQ is associated with enephalitis, 
lethargica (Dawson and Conn 1931), Cerebral palsy (Schonell 
1956), viz. hemipelagies (IQ - 77,3), paraplegies (74.3), 
quadriplegies (50.2). Hookwarm infestation also is reported 
to cause lowering of IQ by 10 points (Smillle and Spencer 
19 26) , 
6). So.Tie malformation (ear, hand, palate, cranial defor-
mities) which are looking rather simian are called as stigmata 
of degeneration (Lombroso 1887), usually a regression to a 
lower form of life (Fischer 19 22), though found to be normal 
in persons (Bome 195 3). Aggregation of physical peculiarities 
among mongols, microcephalics, gargoyles and subjects with 
endocrine dlsorder^are seen often with retardation of 
developments at critical periods (Ford and Frumkin 1942) , 
dentition and puberiy (Davenport and Mlnogue 19 30). 
- iO -
the 
6) Biological fitness s 
Biological fitness is sometimes seen as/capacity to 
reproduce. Idiots are non-i:ertile (physical and social) , 
for the imbeciles fecundity is more,and/low grade defectives 
(idiots and imbeciles) enjoy no feriiility. In Colchester 
Survey/ 4 imbeciles and 0 idiots were discovered among the 
parents of 1,280 cases. No idiot had any children, 7 out of 
138 imbeciles over the age of 16 (mean age 24 years) had 
offspring. The 7 imbeciles had 2 pregnencies each, and half 
reached maturity. The guiding factors (Binet IQ only one 
indicator) are physical development, general appearance and 
social opportunity, (Female idiots mensturate unless grossly 
disturbed) (Danenhower 19 48). 
7) Consanguinity t 
Parental consanguinity is more pronounced in institutional cases, 
Table 4. Parental Consanquity among defectives. 
Parental consanguinity 
Degree and Parental 
r e l a t i o n s h i p 
I n s t i t u t i o n a l c a s e s . 
Cases with re la ted parents 
Imbecile i d i o t 
No. % 
< 
Border l i n e 
and f e e b l e 
minded 
No. % 
Illegal unions^ incest 
Cousins of all types 
All types of consanguinity 
Total number of patients 
surveyed 
6 
63 
69 
2190 
0 . 3 
30 
3 . 3 
100,0 
10 
26 
36 
1172 
0 . 9 
2 . 2 
3 . 1 
100.0 
- i i -
Total consanguinity i s vory high (more than twice t>^at 
in the general population), Incest i s freauent among parents 
of high grade cases , for leg i t imate cousin marriages, these 
are more numerous (3.0%) among parents of low grade cases 
than among the parents of high grade defectives (2.2 percent) 
1.8 Bio-Social f ac to r s ; 
Mental defect i s associated with socio-economic s t a t u s ; 
as the IQ i s found to be posi t ively correlated with social 
and occupational s ta tus (0.28, Duff and Thomson 1923; + 0,25 
by Gray and Moshinsky 1930) - There are more cases of 
defectives in the lower group than in the higher group, 
and more cases of re tardates in the ru ra l , than in the 
urban (iO.4 per thousands; 6.7 per thousand). 
'5) C lass i f i ca t ion ; 
A two-fold scheme of cl ?s<;if icat ion of disease i s 
qiven then; £o_naeni_t_al and jcjjuired (Schutle Worth 1895), 
^ndocjenous and ^2loa2!loyS» or genotqus and acguired (Ireland 
1877), ^rijmaT^ -^ nd Secondary (Tredgold 1908) or ji^ature and 
i2!yiiyre. Lewis (1933), suggested the i ivis ion of defectives 
in to pathological and subcultural c la s ses , the l a t t e r i s 
often termed physiological . The d i s t i na t ion i s va l id , even 
v.'ithout considering heredi ty or environmental causes; any 
physical defect in the brain i s to be taken as pathological . 
- \2 
Howsvsr, rrore d e f a c t i v s s of feable minded type are those 
\which can be accomodated by Gaussian cu rve , rpeaninq the re 
are rrore cases of pa tho loq ica l cor id i t ions among feeble .minded 
t o be included wi th in normal popu la t i on . 
Table 
o impl i f i sd and c l a s s i f i e d survey of the t y p i c a l c h a r a c t e r i s t i c s 
of high and low grade mental d e f e c t i v e s , Fuhrmann and Voqel, 
( 1 9 7 8 ) . 
P a r t i c u l a r s 
Degree of defect 
Mild (group i ) Severe (group 2) 
(high grade) (low grade) 
Mean I . Q , Abou" 57 About 17 
Psychologica l Simpleton, moron, Imbec i l e , i d i o t , 
c l a s s i f i c a t i o n f?eblo-minded, low grade 
high grade 
Predominant medical Physr.ologic , a c l i - Pathol oa ica l 
c l a s s i f i c a t i o n n i c a l , uncomplica- c l i n i c a l 
t e d , i d i o p a t h i c , 
r e s i d u a l 
Inc idence of group Common 2/9 Uncommon 0.25% 
i n popula t ion 
Propor t ion of group Few : 2^ Many : 25>^ 
i n i n s t i t u t i o n s fo r 
t h e menta l ly r e t a rded 
Sex inc idence Females Males predominate 
predominate 
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Frequent additional 
synptoms 
Fertility 
Biologic fitness 
Status of relatives 
Typical hereditary 
causes 
Typical environ-
mental causes 
Social and 
familial conditions 
Physical measurements 
Treatment aims 
psychological 
abnormalities, 
associated with 
behaviour dis-
orders 
Fertility usually 
normal or heigh-
tened 
May be lower beca-
use of decreased 
marriage rate 
Parents, brothers 
and sisters rather 
frequently sub-
normal but not 
sharply distingui-
shed from normals 
Common genes; 
multiple additive 
genes; sex chro-
mosome aberrations 
Deprivation; 
cerebral disease 
or injury in child-
hood; antisocial 
environment 
Poor 
Means and var ia -
b i l i t i e s within 
normal range 
Spec ia l education; 
s o c i a l i z a t i o n 
Associated with 
phys ica l malfor-
mation^ neurolog ica l 
abnormalit ies 
Nonfert i l e 
Zero 
Parents rarely 
defective; brothers 
and sisters occa-
sionally defective 
and sharply dis-
tinguished from 
normals 
Rare specific genes; 
autosomal aberra-
tions 
Prenatal maternal 
Influence cerebral 
disease o'r injury 
in very early life 
Average 
Means below normal; 
increased varia-
bilities 
Elementary training; 
nursing case 
10) Problems of causation » 
The classification of disorders into organic/cultural 
one is further to be ascertained by the nature of causation^ 
and 
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spoken so frequently a§hereditary and environmental. The 
dichotomy is sometime associated with time the prezygotic 
or hereditary ones and post-zygotic or developmental one, 
vL,5 Genetics of Mental Retardation 
1. Single gene disorders » 
Epiloia t Tuberose sclerosis sebaceous adenoma, epilepsy 
(Bourneville 1880) epiloia (Sherlock 1911) . Rash due to 
tumouK"^ Tuberose sclerosis of the brain, Glioroata with 
large multinucleated cells and undifferentiated nerve ele-
ments (Blelschowsky and Gallus 1913). Some other tumors 
include rhabdomyione (Strained muscle tumors), mixed kidney 
tvimour and nerve turoous of the retina, lung cyst, and res-
piratory symptoms (Dawson 1954), Mentally idiots to psychotic 
epileptic parent. Sebaceous adenoma without mental disturbance. 
The lesions and mental disturbance may be due to pleiotropic 
effect of a single abnormal gene.. 
Neurofibromatosis t Multiple nerve tumours (Von Reckling-
hausen 188 2). Tumours small and subcutaneous. Patches of skin. 
Hashimoto (1890) counted 4,50 3 tumours on the skin of a 
middle aged Japanese^ Subthyriodlsm. Ten parents mentally 
defectives (Preiser and Davenport 1918). Acrocephatlc cases 
sporadic (Ferriman 1941) . 
^2.lS£^£l}^l^sACrocephalo%Tidactyly described by Apert (1906) 
Sporadic, not severe (fresh mutation) , 3 per million per 
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gene Iccus Hypotelorism, Premature synostosis of conponents 
of cranial base. Sphenoid bone abnormally shaped, sella 
turcica deformed, obesity and hypothyroidism, 
ArhInencephaly j Defect of nose, maxilla palate, hypoplasia 
of the cerebral hemisphere. Heterozygous gene with Irre-
gular manifestation. Aniridia (congenital ab%<nce of Iris , 
regular dominant character; result of new mutation; dimi-
nished Intellectual capacity. Mutation Is 5 per million 
per gene locus per generation. 
Table 6. Mutation rates of some single gene mental disorders. 
Condition ^proximate Incl-
dance per milli-
on In general 
population 
Estimated mutat-
ion rate per 
million gene lopl 
per generation. 
Source 
H u n t l n g t o n s 
Chorea 
D y s t r o p h i a , 
Myotonica 
E p i l o i a 
A c r o c e p h a l o -
s y n d a c t y l y 
Ach;i^ondro-
p l a s l a 
A r a c h n o d a c t y l y 
A n i r i d i a 
40 
20 
33 
6 
105 
15 
111 
8 
Read and Neck 
(1951) 
Lynas (1957) 
8 
3 
5 
6 
5 
Ganther and 
P e n r o s e ( l 9 3 5 ) 
Blank (1960) 
Morch (1941) 
Lynas (1958) 
Mollenbeah 
(1947) 
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Description of Phenylketonarla s 
Norwegian biochemist, Foiling (19 34) described urinary 
excretion of phenylpyruvic acid (CgH-.CHj.COiCOOH). Inte-
llectual defect of severe degree. Older nomenclature imbed-' 
llitas phenylpyrouvlca, Q-^ phenylpyruvic oligophrenia. 
Phenyl alanine occurs in the urine with phenyl lactic, 
phenyl acetoglutamlc, o-hydroxy phenyl acetic acids (30 times 
Caused 
in blood , ,BF and is/3ue to defect of enzyme, phenylalanine 
hydroxylase. 
Large amount of phenylalanine added to diet causes 
mental dwarfness in monkeys (walsman, Wang, Palmer and Harlow 
1962) , Withdrawl of phenylalanine since birth cause normal 
development (Blainey and Squire 1962), Some defect in Indole 
compounds by error in tryptophan metabolism and diminished r^ te 
of oxj-dation in control circulation is also suspected and 
a l s o ^ - ' • 
melanin defects could/be caused. 
The gene frequency amount to 1 in 173 in US and 1 in 
245 in the UK; carrier 1 in 100, carrier detection by noting 
fasting blood level of phenylalanine and following level 
after exposure to large dose eg.O.l gm of laevophenylalanine 
per kg body weight, and 4 hour later behaviour is 90% deffi-
cient, Huang (i96l) noted reduced urinary excretion of 5-
hydroxy Indole acetic acid after phenylalanine body in 
heterozygotes, 
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Maple syrup urine disease (urine with odour like 
maply^ syrup valine, leucine and isoleucine occur in an 
increased concentration) , feeding difficulty opisthotonus 
and fits, IQ 55 on Griffith Scale (woolf 1959). 
Hartnup diseasj (Baron, Dent, Harris, Hart and Japson 
1956) with photo sensitive pallagra-llke rash, cerebellar 
ataxia, mental confusion and mental retardation, indole 
compound, renal dysfunction. 
Problem with argino-succinic acid (CBP and plasma) with 
triable hair and cardiac murnwrs (Allam et al 1958). Cysta-
thiosls in urine of adult (Harris, Penrose, Thomas 1959) ,is 
arrested by feeding methionine. 
Excess of glycine (urine and plasma) (Childs et al 
1961), increased plasma level of glycine, serine, alanine, 
isoleucine, valine with kltones, vomiting, lethargy, osteo-
parasis neutropoenla, thrombocyto poenia, hypogainvnaglobuli-
ar© also Seen 
ns'.mia./Intolerent to protein in excess of 0.5 gm per kg per 
etc, 
day and to protein hydrolysate/ Crltru£blnurla (McMurry jg^  
al 198 2) . 
Hepato len t icu la r degeneration (Wilsons disease) t 
Progress ive development of neurobiological symptoms 
(Wilson 1912) , r i g i d i t y , s p a s t i c i t y and tremor of l imbs, 
dysplagla dysa r th r i a , dementia, hepat ic symptoms, dominant, 
sometimes degeneration of l e n t i c u l a r nucleus of brain c i r r i 
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of liver (Beam 1960) .Caeruloplasmln level low (Schelnberg 
and Gitlln 1952) . (Normally 30 mg per 100 cc, and with 8 atoms 
of Cu per moecule) , Failure of caeruloplasmin synthersis 
leads to deposition of excessive copper in brain, liver, 
kidney and other tissues a,nd also greenish brown ring in 
iris (Kayser-Fleischering) tested by copper 64 loading 
(Sternlieb et al 1961). Pencillaroine treatment causes urinary 
excretion of copper, 
Glactosaemia t 
Reuss (1908) found the disease and isselbacher et al 
(1956) found the lack of G.\L-1-P-Uridine transferase defi-
to 
ciency in infant to fail it to convert/glucose and glactose 
in the blood. Vomiting, diarhoea, lethargy, jaundice, hepato-
megaly, amino acid urea and proteinuria. Survivors suffer from 
Cataract, mental retardation. Diagnosis by incubating infants 
cord blood with galactose and excessive accumation of galac-
tose-1-phosphate in erythrocytes (Schwarz, Holzel and Komrower 
1958) • Oral galactose tolerance test (Dannell et^  al, 1959) , 
Manometer determination of oxygen consumption in lacmo-lysates, 
Crfttinism t 
For mental retardation it is sporadic, nonendemic,' 
goitrous cretinism by metabolic defect in synthesis of 
thyroid hormone. 
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R e t i n i t i s pigmentosa i (Laurance-Moon-Bardet-Bledl 
Syndrome), Progressive degeneration of r e t i n a (per ipheral 
to cen t ra l ) reduced l i g h t v is ion, op t i c atrophy and t o t a l 
bl indness (opthalmoscope can help) cases of ep l topsy , Id iocy 
noted, deafmutlsm, Polydactyly, pu t i t u i ry dystrophy ( l a t t e r 
as Laurance-Moon-Bardet-Bledl Syndrome) . 
Amarurotlc Idiocy { Congenital , I n f a n t i l e , l a t e i n f a n t i l e 
i u v e n l l e , adul ts forms of amaroutic id iocy . Tay-Sachs d i sease 
Tay (1881) Hanhart (1943) Komal (1934) in As i a t i c s . Single 
recess ive gene (Slome 19 33). Cl in ica l fea tures nystaganus, 
loss of voluntary movement; brownish red spot in ocular 
region, p a r a l y s i s , bl indness (amarausis) death before 2 years 
of age. Degeneration of pyramidal system. Abnormal condi t ion 
of p r e - l i p o i d substances (Schaffer 1925), mitral f a t , 
* 
Juvenile form, spielmeyer-Vogt disease arises at about 
2 years, and range of 2«11 years with carebromacular dege-
neration, intellect fall from 5 to 10 years, epileptic 
attaches; Nerve cell with globules of fatty substances, 
Garqoylism \ Hunter (i917) and Hurler (1919) described 
dystrophic condition which was named Gargoyllsm (Ellis, 
Sheldon and Capon 19 36). Autosomal recessive and sex-linked 
reviewed by Halperln and Curtis (194 2). In recessive form 
corneal capacities occur (iiamy, Maroteaux and Beder, 1957) , 
face worsened, hypertelorism and hydrocephaly, enlarged 
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s e l l a t u r c i c a , s t a t u r e dwarfed, spine bent forward (defect ive 
ver t4bra l bodies in lumber region) . Abdomen protruding 
(enlargement of l i v e r and spleen) . Lipoid deposi ts in nerve 
c e l l , u r ina ry excret ion of mucopolysacharides, polysaoh^^icies 
in lymphocytes. Other type with osseous deformities occur 
(Morquio 1929), abnormali t ies of bones, c a r t i l a g e s and j o i n t s 
(osteochondrodystrophy^not r i c k e t s ) , ches t deformed some of 
the w r i s t , bones missing. Kyphosis, 
Gaucher's d isease with visce«l l i p o i d depos i t s . Another 
one Hard-Schul ler -Chr is t ian syndrome, dwarfism and p i t u i t a r y 
obes i ty ape also known. 
Cerebral Displegia t Symmetrical Spast ic pa ra lys i s ( L i t t l e 
1943) b i l a t e r a l cerebra l p a r a l y s i s , a t b r i t h and at age of 
s i x month. Legs severe ly affected (quadriplagia when forelimbs 
involved) , Tendon re f lexes br i sk , p l a n t e r responses are 
ex tenser . May be normal a l so , and cheerful les ion in basa l 
gangl ia , cordense nucleus, putaman and globus p a l l i d u s . 
Developmental anomaly of nerve t r a c t s ; acconpanied by congeni-
t a l malformation. Club foot and d i s loca t ion of hip (Wollen-
borg 1909)• Association with asplysia a t wr i s t or ce rebra l 
trauma i s not va l id cause . Anoxia to ce rebra l l e s ions . 
Spas t ic with ichthyosis and mental def ic iency i s also seen 
(Sjogren and Larsson 1957), 
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Extrapyrainidal system shows squirming movements and 
contortion with choreoathetosls (foetal malnutrition^ anoxia) 
and hypermellnlstion of nerve fibres(Norman . i947). 
Friedreich's ataxia » Lower limbs only affected (paraplegia), 
discovered in 186 3, onset till maturation, dementia (not 
amentia) at 12 years degenerative lesion in spinal cord 
loss of deep reflex in legs,, atexia nystagmus sense of 
position and vibration lost in leg and arms, (Saunders 1914) , 
mental defect, Scotiosis, spinabifida, digital malformation, 
degeneration, retinal degeneration, 10% of recorded cases 
have first cousin parents, spastic paraplegia, cataract and 
cerebellar ataxia. 
Microcephaly j Less then 13*' in circumference . 
Head proportionally smaller or disproportionate to the 
body. Head small in mongoiism and phenyl keton uria. Early 
irridiation in pregnancy also causes this Dwarfs with 
normal intelligence, a African pygmes have smaller head 
(Schebesta and Lebzelter 1933). Diminished vertical measure-
ment and width (doliocephalic) is separate from micro-
cephalic with long microcephalic head. 
Microcephalics below average stature, healthy "birdman" 
face not reduced, low imbecile, Parents normal, 
some of the sibs parents mentally defectlves('ln Swldish 
population Book, Schut and Reed 1953 and Komai et al (1955). 
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Brain less than 100 gm, cortical convolution slnplifled, 
cranial vault shows premature synostosis (skull deformity 
due to small brain) . An anthropologist can confuse a bone 
of microcephalic with non-human being* 
Other recessive abnormalities j Sjogren (l932) found more 
male, (34) than female (18) imbeciles in sibships without 
any certain pathology,six precent of sibship with consan-
guinity. Estimated true ratio of affected to total sibs was 
less than one-quarter. Deafmutism with parental inbreeding 
(Boudin 1862) is recessive (Hanhart 1943) , though rarely 
mentally defectives. (Barrera and Metzger 1940), and cataract 
with mental defect (Sjogren 19 35) also frequent. 
];^ thaernoglobinaeinia (Hltzenberger 19 33) with absence 
of co-enzyme required for methaemoglobin reduction in 
erythrocytes also seen. Cyanosis, and coirqpensatory polycy-
thaemia occurs; ascorbic acid therapy has limited result 
in reducing intellectual Inpairment. 
Oculocerebrorenal Syndrome : (Lowe et jl. 1952) Infants with 
proteinuria, failure to thrive, mental retardation, evidence 
of rickets. Cataracts with glaucoma (Lesion in kidney 
tubules), Carriers detactable by opthalmological examination 
(Donnell 1961), Schoen and Young (1959), and Dent and 
Smellie (l96l), two unrelated boys with affected sibships. 
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Nephrogenic diabetes insipidus t (excretion of large 
quantities of dilute urine) , no response to AKi, survivors 
may be mentally retarded (Klrman et aJ^  1956) . 
Hydrocephaly i Sex-linked recessive stenosis of aqueduct 
of Sylvius, absence of corticospinal traits (Edward et al 
1961) . 
Sex-linked Gargoyllsm (Nja 1945), with absence of 
corneal opacity. Bilateral mlcropthalamos. Malformation 
of eyes, optic nerves, chlasma tracts, lateral geniculate 
bodies, and corticovisceral area (Whltnall and Norman 1940), 
Mental retardation In about l/3rd of the cases. Imbecile 
with unilateral mlcropthalnios, a lengthened acrocentric 
was seen. 
Muscular Dystrophy : Mental retardation Is found In associa-
tion with muscular dystrophy-fibrous enlargement of muscle 
followed by wasting large amount of creatine excreted In 
urine (Pedl^ g^ree) .Allen et al (i944) found " Imbecility d-n 
association with pseudohyperterophlc muscular dystrophy, 
2,2, CHROMOSOMAL ABERRATIONS 
Inheritance of chromosomal aberration t 
1« suggested 
Non-dlsjunctlon/for nK>ngollsm (suggested by Waarden-
burg 193 2) and for sex-chrotnosomes for Intersexes and un-
balanced autosomes In malformations (Haldane 19 32) • The 
pedigrees of mongolism show peculiar chromosomal mechanisms 
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(Pantham 1925) , and balanced translocation (Penrose 19 39) , 
some translocation do predispose normal Individuals to 
produce malformed offspring (Edwards 1961). Most mongols 
arise from primary non-dlsjunctlon (Lejeune, Gautler and 
Turpln 1959). A mongol may have offspring as 
fnongol by secondary non-dlsjunctlon during maturation 
of ovum with affected mother (Hanhart, Delhanty and Penrose 
4r» in 
1960, Stiles and Goodman 1961). Turners/dlmlnlshed/stature, 
webbed neck In perfect extension of elbows and cardiac 
malformation; physically weak, occasionally subnormal. 
TrlpleXfemale 47 (Jacobs et jtl 1959)/'clayed or absent 
menstructlon, IQ above 50 (subnormal) , epilepsy miiscle, 
produce normal or even triple X daughters, 4X cases with 
mental subnormallty seen* Mosaics also found Turner + Triple 
X (Jacobs et al 1960) ; Isochromosome (Fraser^tj|J. 1960) 
ring chromosome (Lindsten, Tllllnger 1962) . 
upto abnormal 
Fqr males/ t#o years normal,in development and/fertility 
with X Klinefelter, Lenticular atrophy at puberty and femini-
zation. Scanty hair, gynecomastia, tall. Slender, subnormal 
Intellectually, described by Klinefelter et al (i9l2). Adult 
with increased FSH, XXY, XXXY (Ferguson Smith et al 1960) 
or XXXXY (Carrot jl 1961). Dermal ridge patterns with 
vertical alignment. Normal to subnormal also (Ferguson 
Smith 1958) . 
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Mongolism t 
supposed to be 
Ten percent of hospital cases,/caused by parental 
tuberculosis (Langdon Down 1866), specified clinical entity 
(Kalmucks and hence Mongol). Crookshank (1931) ascribed 
to 
thl^ an atavistic return to yongolian ancestry. Reported 
every where (Thonpson 19 39). Dwarfed stature, small round 
head, dysplasticface, Benda (1947) found deviation in growth 
10 years, mean b,w. below (ilb, low adult wt, head 
late 
small. Anterior font/:>nellae in /in clpS'ing (Roche and 
Sunderland 1960), Anteroposterior diameter diminished and 
cephalic index high; hair straight and sparse and skin dry. 
Head flat, hypoplastic on the palms and soles, A single 
transverse crease runs across the palm of hand (one crease 
in place of two) in little finger and marked cleft between 
first and second toes. Dermal ridges more transverse 
(Commins 1936) , 
Short and squat nose^ rounded ears with antlhellx, 
oblique palpebral fissures, Epicanthlc folds, Intraoccular 
distance diminished, thigh look wider, cataract, myopia, 
strabismus and iris, (peripheral white speckling) (Brushfleld 
1925, Lowe 1949), blepharitis and conjunctlvltlcs develop, 
protruding chin and lower lip, buccal mucosa, fissured 
finger enlarged, papillae teeth retarded and irregular. 
Expectation of life at birth 12 years, female living to 
83 years reported (Simon and Spejer 1937) . 
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Limbs stpmpy, like the trunk,. Hand and feet broad 
and Clumsy, webbing (Zygodactyly) of fingers and toes, little 
finger short and curved inward, flexion crease and dermal 
ridge. Ventricles enormously dilated, cortex stretched and 
deformed. 
Umbilical hernia, small genital organs, reduced sperm 
Count, (Stearns et al I960), Mental age varies from idiocy 
toupper limit (7 years on Binet) or lu between 20 to 25, 
Chearful and friendly, can not do arithmetic, able to read and 
write. 
with 
Small cerebellum and brairv''embryonic convolutional 
pattern, (Davidoof 19 28). Paucity and irregular disposition 
of ganglion cells in third cortical layer and retarded develop* 
ment of spinal cord, (Benda 1946) , Heart and arteries are poorly 
developed with septal defects (Berg et jl I960). Instestinal 
atexia not infrequent. 
Fibrin, albumin, globulin, total protein, cholesterol 
blood normal (Bixby 1941), carbohydrate metabolism normal 
(Bixby and Bend« 194 2) , BMR low, blood calcium (Stern and 
Lwis 1958 ) and diminished urinary excretion of tryptophane 
metabolites (Jerome et jil 1968) , Reduced level of cerebral 
metabolism (Himarwish and FazeJcas 1940) , Lynphatic (Leukaemia 
is increased twenty folds (Stewart, 1961) . 
At birth features noticeable are diminished head 
length, presence of third fontanelle, epicantnic folds, iris 
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specks, dermal creases and ridges, diminished stature, poor 
circulation, general debility. 
Aetiology j At birth, Incidence is about 1/700, (European) 
and in all ages 1/7000 (Doxiades and Fortius (19 38). Beall 
and Stanton (1945)• Collected figures on the birth incidence 
taking census figures (Collmann and Stoller 196l), The mean 
age of mother is 36 as compared to 29 for other births. 
Incidence is low, 1% per thousand, when maternal aye rises 
(30-34), it is ± higher (2-35i) at 45 years of age and even'to 
10% (Benda 1943) . 
Table'7 
Incidence of Birth 
Number of 
mongol^ 
Total number 
of Births in 
the Samples 
Incidence Source District 
6 
18 
32 
130 
107 
52 
1134 
3 ,818 
13 ,964 
2 7 , 9 3 1 
6 7 , 6 4 5 
7 1 , 5 2 1 
3 9 , 7 8 8 
7 , 8 0 , 168 
1/6 36 
1/776 
1/873 
1/5 20 
1/666 
1/765 
1/688 
Jenkin (19 3 3^  
Malpas (19 37) 
Parker (1950) 
Henry (1951) 
Carter (1951) 
ester (1953) 
Collmann and 
Stoller(196l) 
Chicago 
Liverpool 
Washington 
D.C. 
Zurich 
Copenhagen 
Victoria 
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Table 8 
Mental Age in Downs 
Maternal 
age 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
Al l ages 
Male 
cases 
1 
5 
12 
7 
19 
15 
6 
65 
Female 
cases 
2 
4 
7 
7 
12 
17 
7 
56 
Observed 
Total 
No. "0* 
3 
9 
9 
14 
31 
32 
13 
121 
Expected 
Total 
No. 'E' 
7.75 
29.62 
34.06 
25.79 
16.74 
6.30 
0 .71 
120.97 
Ratio 
0/E 
0.39 
0,30 
0.56 
0.54 
1.85 
5.08 
18,31 
1.00 
Incidence 
per/1000 
b ir th 
0 . 6 
0 . 5 
0 . 8 
0 . 8 
2 .8 
7 , 6 
27.5 
1.5 
Parental age correlations have been studied In 150 
slbships containing one inongol child each (Penrose 1933), 
correlation with rneternal age and Incidence of mongolism 
( rml) is + 0.36, that for paternal age and mongolism (rfi) 
is 0 + 0.29. Since the correlation between paternal age and 
maternal age (rmf) is 0.83, the partial correlation (rfim) is 
-0.01 + 0,04 (Zero) and hence can be excluded. 
Murphy (1947) found the birth of mongol is preceded 
by diminished fecundity (non-pregnent Interval, miscarriages 
while others found frequent pregnancies (Fantham 19 25), In 
Colehester survey, mongol had Larger slbships than control and 
also more deathes in early infancy the incidence of defectives 
on the other hand are very low. 
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TABLE 9 
Mongols i n C o l c h e s t e r S u r v e y (19 38) 
D l« ,gnos l s Mongol ism 
No. of p a t i e n t s 63 
No. of s i b s of P a t i e n t 366.. 
O t h e r t y p e s of 
d e f e c t 
1, 217 
6 , 263 
No. Of sib per patient 
Normal intelligence 
Superior 
Average 
Dull 
Unascertained 
Mentally defective 
Feeble minded 
Imbecile 
Idiot 
Miscarriages and 
Stillbirths 
Died in early Infancy 
0 . 0 5 
4 . 0 2 
0 . 1 1 
0 . 0 2 
0 . 0 3 
0 . 0 6 
0 . 0 3 
0 . 5 4 
4 . 2 0 
0 . 1 2 
0 . 0 5 
2 . 7 9 
0 . 4 0 
0 . 1 8 
0 . 2 2 
0 . 0 9 
0 . 0 4 
0 . 7 2 
3 .42 
0 . 3 5 
1.49 .137 
0.95 0.65 
Total 5.81 5 .40 
Famil ia l Incidence of Mongolism s Sibships are reported well 
(Babonneix and V i l l e t t e 1916, Pehu and Gate 1937, Turpin and 
3 cases per sibships 
Le jeune (1953), / by Fantham(l9 2g, Vander Scheer(1919^ .Fairs 6f 
affected sibs are seen per 100 singl€>. cases reported atrandom.€ven 
affected r e l a t i v e s a re encountered in large surveys (Doxiades 
and For t ius 1938, Lahdensuu, 1937 and Hanhart 1944) . .Maternal 
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t r a n s m i s s i o n , i s conunon (Penrose i95l ) i nc lud ing o f f s p r i n g 
Mongols, when ina terna lage can be younger, 
TABLE 9 
Of f sp r ing of Mongol females 
Description of 
the child 
Normal female 
Mongol male 
Mongol female 
Retarded male 
Idiot female 
Mongol female 
Mongol Jtiale 
Normal male 
Nprmal female 
Still born male twins 
Normal male 
Stillborn female 
Mongol male 
Age of 
patient 
birth 0 
25 
30 
19 
30 
29 
21 
23 
? 
22 
14 
21 
20 
22 
Mongol 
. at the 
f child 
Maternal 
age at 
birth 
? 
42 
30 
42 
39 
44 
? 
? 
22 
? 
40 
22 
22 
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Source 
Sroyer (1949; 
Lelong et al (1949) 
Rehn and Thomas 
(1957) 
Forsmann and 
Thysell 
Schlany 
Hanhart 
Hanhart 
Levan and 
HSU 
(1957) 
(1958) 
(1960) 
(1960) 
(i960) 
Mullius et §1(1960) 
Thullne and 
Priest 
Thomson 
Thomson 
Thomson 
(1961) 
(1961) 
(1961) 
(1961) 
Monozygotic twins a f f e c t e d , d izygo t i c? a re d i f f e r e n t 
o r even a f f ec t ed (Keey, 1958) r.x)re males are t h e r e than females 
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are there (Hug 195l) . No sex-l inked or consangninity condition 
i s involved. One q u a r t e r of a l l mongol maternal age i s not 
important . 
Karyotype t Waardenberg (1932) suggested non-dis juot ion, 
spermatogenetic d iak ines i s res tored 24 chromosomes (Mittvrach 
19 5 2) , and f i n a l l y , the diploid number was given as 47^ increased 
to (jue/21 (Lejeune jet ^ 1959) . Condition IR assoc ia t ion with 
K l i n e f e l t e r syndrome (Fort e t a l 1959), t rans locaton of 21 by 
c e n t r i c fusion (21 with 13-15) i s a lso seen r e su l t i ng in to 46 
chromosome only (Polani e t a l 1960), A balanced maternal 
karyotype 45 t ( i5»21 / 2l) or 21, 22 t r ans loca t ion can a lso be 
seen, Mosiacism can be seen. 
Thus or ig in of mongolism can be divided in to two! With-
out any affect of maternal age about l /4 th (famil ial) (i)> where 
mother herse l f Is a mongol, ( i i ) . p a r e n t , i s balanced c a r r i e r 
(mother 15»21, 2% of cases , fa ther 21» 22, 10% of cases^, 
( i i i ) . mosaic ( fa ther or mother, (iv); parent c a r r i e r s of a gene 
tending to produce non-disjunction when the pa ren ta l age 
is irai.-ortant (3/4 of a l l mongols 
Causes, 
i , 6 Matfernal (Environmental)/ > Physical agents n u t r i t i o n , c l i n i c a l 
agents^age and p e r s i s t i n g i n t r a u t e r i n e infect ions e t c , from 
maternal influence, of envlromtental na ture . Malformation, 
mongolism, twinning, multlj^le b i r t h , (Duncan, 1866, Dehlberg 
be 
19 26) congenital hydrocephaly. These may a l s o / r e l a t e d 
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1,7 Thorggy; Lower Intellf>qence level i s not a dlise,ase and 
i t s cure i s not ca l led for . What i s required i s the social 
pathology ( ind iv idua l -soc ie ty re la t ion) i s to be mitiqated to 
maintain the indiv idual . Caffeine and Banzedrine may stimulate 
t e s t performance (but not when continued), myopathy and 
Tocopherol, Glutamic acid treatment i s par t ly useful in ep i lep-
t i c s (Zimmerman et ^ , 1948), refuted by Millken and Standen 
( i 9 5 i ) . Weil-Walherbe (1949) a t t r ibu ted the effect of druq to 
adronarqic act^-on. Drug from ce las t rus Paniculata (Morris 
et _2i« 1952) i s also useful . Growth hormone to Mongol i s 
producing increase in size (Benda, 1963), Blumberg (1959) 
or Siccaceli therapy in cretimisim, myxooedema are well 
es tabl i shed, improving IQ. For Wilson's disease Dimercaprol 
(B A L) and Pencillamine i s used. Phenyl-alanine free diet 
i s useful in PKU since bi r th (Bickel et j l . 1953). In Maple 
syrup urine disease (aminoaciduria), low branched chain 
aminoacid therapy is useful . 
Fluoride treatment in children contro l l ing dental 
car ies (Chatham 1949). Muscle Co-ordination t ra in ing i s 
useful (Longwell 1935). Application of high-frequency, 
low vol tage , e l e c t r i c currents (Stimson 1959) applied to 
head, l i t t l e e f f ec t , 
i .S Psychological t r a in ing ; Educ^^tional methods can help in 
improving i n t e l l e c t , though to a l imited extent . I .Q. can 
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improve with pr.^ctice^ Special provision of occupation rr^y 
help in s o c i a l i z a t i o n . In nontal deficiency hosp i t a l s , 
buildinq and equipments are quite good. Scholastic learning 
i s secondary for d«f©ctivos ^nd m^nnu^i «kl4.i» cfln bolp to 
relax the tension due to i n t e l l e c t u a l handicap. Hiqh grade 
females have ab i l i t y in l i n q u i s t i c matters (Angiol i l lo , 
1942). Feeble minded persons of e i the r sex have a r t i s t i c 
t a l e n t s . Acting in plays , singing and r ec i t i ng have t h e i r 
value in speech t r a in ing . Religious education i s often 
he lpfu l , occupational prograTimes are not enough for psycho-
paths . 
, i .9 Praventive, measures; Prevention of marriages of feeble 
minded persons can be of l imited use for control l ing the 
case as mental r e t a r d a t i o n . Other measures can be segre-
gat ion , s t e r i l i z a t i o n , contraception, abortion euthanasia. 
Segregation of defectives can be a l imited value of the 
defectives are discharqed and i l l e g i t i m a t e unions will 
r e s u l t , prohibi t ion of marriage h^s s imi lar e f fec t . Volun-
tary or compulsory s t e r i l i z a t i o n i s thus practised in US 
(15,000 males and 8,000 females in 1907, 15,000). North 
Columbia (349 males and 1,477 females between 1929-1947, 
Woodside 1950, 58 males cas t ra ted 17 females ovariectomized. 
Denmark (Kemp 1946), Sweden (Weintraub 1951) Brock Report 
(1934) advocated s t e r i l i z a t i o n , so did Mickelson (1947). 
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Howaver, s t s r i l i z a t i o n could lead very often to i l loq i t imasy . 
Contraception i s also sgfe, especial ly for mothers bolcw 
and af ter 22 and 30 respec t ive ly . Abortion i s also attempted 
in case of feeble minded females. 'Euthanasia ' i s advocated 
for high grade defectives (Kennedy 1942) though vehemently 
opposed by Kanner (1942). 
Posi t ive euqenesis (Galton 1309) i s the breeding of 
healthy as given by Pearson (1909); which i s challenged by 
Fisher (1930) who believed the natural b iological adaptabi l i ty 
of species can maintain i t s own betterment. At present the 
best i s to provide for social securi ty and protect ive d i s c r i -
mination in favour of the mentally re ta rded . 
CHAPTER II 
CHROMOSOME PREPARATION AND HUMAN KARYOTYPE 
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I I . Chromosome Preparation and Hurrig^ n Karyotype: 
The f a c i l i t y for chromosomal diagnosis forms the major 
component of studying mental re ta rda t ion resul t ing from 
abnormal karyotype and i s also nseded perhaps for exten-iinq 
Specified parental genetic counsel l ing. Other disorders of 
s ingle gene nature can be diagnosed by assessment of gene-
products of bio-chemical nature (pro te in , enzymes, subs t rac t s , 
metabolites and so on) . For polygenic d isorders , the major 
recuirement i s a psychometric assessment of IQ through a 
recognized and highly standarzed t e s t system. A brief 
approach to the different types of laboratory t e s t s performed 
and t h e i r expected r e su l t s are being presented he re . The 
discussions of these can be seen in text (Sharma jet j j ^ . op 
1983; Goswami, 198.6). 
2* Interphase Nuclear Staining; 
2.1 S^x-Ghromatin; Barr and Bertram (1949) found a condensed 
body in the neural nuclei of the female ca t , which was miss-
ing in the case of male nuc le i . This was called X-body. 
Ohno et ai (1954) re la ted i t to represent s ingle X-chromo-
scme. Lyon (196i ) , following Taylor 's l abe l l ing of the l a t e 
' S ' phase with H-thymidine in Chinese hamster, proposed the 
dosage compensation theory. That Barr body i s formed by 
inac t ive X-chromosome was fully resolved by Ohno and Cattanach 
(1962). I t i s observed as a darkly s ta ining mass 0.7-1.2 u in 
diameter, attached to the inner side of the nuclear membr;>ne 
the shape varying from rod, spherical , t r i angular to plano-
convex. The inac t iva t ion usually s t a r t s before condensation 
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usually with 12th day of development of the trophoblast 
or 15th day in embryo proper . Only one X chromosome becomes 
heterochomatic/ all others remain ewchromatic. The number of 
cells with the sex-chror«atin positive vary from 35-80 percent 
depending upon the tissues, having very low count in the 
babies by the second or third day following birth. 
Tissues from buccal smear to peripheral blood sroears 
are used. The sections of other tissues, cells from tissue 
culture, hair follicle cells or those from reproductive 
tract, may also be used. 
The patient is asked to wash out the mouth thoroughly 
with tap-water (not possible with neonates). Glass slides 
cleaned in 95% ethylalcohol and marked as left and right 
che»k (LC, RC) are taken with a thin layer of Meyer's albumen 
applied over it. With the h<slp of a wooden spatula, the inside 
o.ne be 
of the cheek is scrapped out, the first/only to /thrown away. 
The second scraps is put on the slide and a thin sm»ar is 
is 
spread out. The tissue/dried and fixed in 95%, ethyl alcohol 
for 15-30 minutes, (Tissue paper is used for holding the 
cheeky more than one smear is obtained) . 
Staining f Though Carbol fuschin, Cresyl violet, Thionin, 
Fast green, Feulgen stains are used, Aceto Orcein is more 
useful for this purpose. The usual concentration is 2% 
aceto-orcein in 60% acetic acid. (To 30 ml of acetic acid 
20 ml of distilled water is added), About l gm of orcein 
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powder is added to mix with the solution, thoroughly 
stirred on a magnetic stirrer^ in a conical flask, for an 
hour. The mixture is then heated in a water-bath at 80°C 
for 2 hours. The mixture is filtered and kept overnight. 
The stain is then used., being poured through a funnel on 
the slides. The preparcation is covered with a thin sheat 
and sealed with nail po.j.ish. The cells are observed under 
low magnification to be followed by higher magnification. 
Observation : The nuclei show 10-15% barr bodies being 
rather sinple semi-lunar mass to triangular one. The shrunken 
/ 
and rputured nuclear membranes are ommitted. 
For a cl/ublicate syst.em, pheripheral blood is used 
from healthy female individual. The slide fixed in 100% 
methyl alcohol. The spot on the finger is swabbed with 95% 
ethyl alcohol, dried and pzicked with needle sterilized In 
drop 
flame and washed with 9 5% enthyl alcohol. Blood/is put on 
a slide, and, with another slide, a smear is drawn. The smear 
wash dried and fixed with rtiethyl alcohol (100%) for 3 to 5 
minutes. Slide is washed in water and stained with Geimsa 
(5% in phosphate buffer at pH = 6,8) . After staining for 5 
minutes, the slide is wasred in distilled water and observed 
under microscope. 
Small drumsticks ar« seen in leucocytes (neutrophils) 
the 
in about 2% of/cases, under oil immersion. The cells are 
drawn and the position noted. 
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For Y-body analysis, fluorescence microscope is needed. 
2.2 Preparation of mitotic chromosomes j The error that 
human diploid chromosome rumber is 48, and sex-determining 
mechanisms of XX/XY method is identical with that in 
Drosophila , was rectified completely in 1956, 
with the discovery of diploid chromosome number in embr;yonic 
and 
lung cells as 46 (Tjoe z.~ i Levan 1950), to be followed by Edward 
Hamerton (i955) in hunii-rj spermatocytes. Of great Interest, 
were the discovary of t-tosomal trisomy (Lejunev e_t al^  1959) , 
45X monosomy (Ford et _^J^  1959) , and 47 XXY (Jacobs and 
Strong 1959), These findings were flooded so to say, with 
the innbvation in the cell culture technique by Nowell 
(i960) and Moorhead et^  al^  (i960) using lymphocyte cultures. 
The development of chronxDSome methodology is the result of 
a combination of smaller Innovations added from time to time 
viz, use of tissue as monolayers or suspension, use of col* 
chicine, a major spindle arresting agent use of hypotonic, 
suitable fixation, and <ilr dry method for spreading (Makino 
this 
1975, HSU 1979) ;/to clas-sify the history of human cytegenetics 
(Hsu 1979) into four -irds-that before 1952( dark age), 
1958 (hypotonic era) lv6<; { trisomy era) and 1970 onwards 
(banding era) . 
Tissue used » Bone marrow (Hamerton 1971) , fibroblast 
amniotic cells, leucocytes.. 
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Sampling t ^erLpheral blood is the easiet to be sarrpled, 
though, biopsy for bone marrow, fibroblast and amniocentesis 
(ifttravaginal or transabdominal) is done for geting specific 
tissu^ Sampling of peripheral blood is painless and the 
culture is also Hhortterm, cells show mitolic activity 
after a lag period of 48 hours, being increased considerably 
by using a mutagen^ phyto-heamagglutinin. Hunger ford et _al 
(1959) studied human karytope in cultured cells. Cells are 
first small lymphoc"te blastoid, and then get converted 
into blast cells, to under go mitosis, the maximum by the 
third day (upto tv.'o v^ eeks occasionally Mellman 1965, 
Yasin 1974) . 
About 2 ml of a veinous blood is withdrawn with a 
sterile syringe and collected in a sterile bottole conta-
ining 0.1 ml of 5000 iu/ml solution of sodium heparin. 
About 0,4 ml of tbiJ! blood is transferred to a bottle 
containing 5-8 ml of culture medium,The cultures ia 
incubated at 37°C for 72 hrs. 
Harvesting t After -.: e blood culture has been incubated 
for about 70 h,abo>jt 0.15 ml of .02 mg/ml colchicine is 
added (25 ug per culture). After 2 h of incubation in the 
medium the contents are transferred to a centrifuge tube. 
The tubes are centrifuged at 1000 rpm for 5-6 m.inutes. 
The supernatant is discarded. To the cells at the bottom 
o 
of the tube, 5 ml of hypotonic salt solution (3^) is added 
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and kept for 10 m'^ nytes. The tube is centrifuged at 
1000 rpm for 10 ninutes. The supernatant is withdrawn^lea-
ving only0.5 ml at -the bottom of the tube with the sedi-
ment. The cells cire suspended thorougMy in this with 
the help of a pasteurpipette. About 5 ml of fixative is 
added/ drop by drop by puting the tube on a vort^mixer 
so as to keep it b-^ ing constantly mixed. The tube is put 
back in the incubator for 20 minutes. The contents are 
centrifuged, supernatant withdrawn and aggin 10 ml of 
fixative is addec to wash it. Similarly, washing is done 
three times, (using fixative) and the final sediment only^ 
is used for slide treparaton. 
I 
Preparation of Slidec- » Flame-drying technique gives the 
better result. The -eil suspension is thoroughly stirred 
with the help of a Fasteur'spipette, a few drops sucked, 
and freshly clear slides (after being degreased in chromic 
acid and kept in ethyl alcohol/distilled water) are used 
for dropping the suspension. Three drops per slide is 
more than enough. The slide is kept tilting, the suspension 
is dropped from above, and a brief (under) exposure on a 
Sprit lartp gives a clear and dry spread (hot plate can also 
be used), The slide is labelled with a diamond pencil, and 
date inscribed. The ."lide can be kept in a slide cabinet for 
future use in dust f ae condition. 
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Staining s Giemsa stain is used for staining, other stains 
are used for specific purposes (carbol fuschin, ammoniacal 
Giemsa, aceto-orecin, aceto lactic orecin, cres^l violet, 
Leishman, haematoxylin etc) . Giemsa is procured as powder, 
(3.8 gm to 250 ml glycerine kept at 55-60 C for one and 
half to two hours), To this equal volume of methyl alcohol 
is added; prepared liquid stain is also used (to be diluted 
as 5% with buffer pH-.6.8) , 
Reagents t Colchicine is used as aqueous solution (3 ug/miX 
for two hX Colcemid can be used as 0,5 to ,5 ug/ml solution 
for 2-6 h (concavalin or Vinblastine sulphate (.1 ugm/ml) 
can also be used (6 h) , 
Hypotonic solution t KCl (0.56%) and kept at 37° can be 
used, sometime 0,01^ h-aCl, diluted serum plasma, tissue 
culture medium an<3 t'^ p water can be used. 
Fixative t The usual one is Methyl alcohol t Glacial acetic 
acid (3»1). Other com.binations are, ethyl alcoholt glacial 
acetic acid (3»1, 2% l) Acetic acid In 45-60% distilled 
water or ethyl alcohol t glacial acetic acid t Chloroform 
(I00il6»50) called carnoy's or Ethyl alcohol 95%» acetic 
acid» formaldehyde 40% (6x2»l) (Tjios fixative). 
Culture Media : The u.'ie of media for growing cells in 
vitro has been exjDiol'ced in chromosome preparations and 
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other biocheirdcai studies, besides routine tissue culture 
techniques (Paul 1985). Natural media is used mainly in 
developmental studies (plasma coagulum serum, placental 
cord blood serum, amniotic fluid, biological and tissue 
extracts etc), while synthetic media is employed for 
chromosomal preparations. The latter aggin is of two types -
salt solution for collection and short term survival, and 
complete media fcr rraintenance and growth. Balanced salt 
solution (normal saline). Trypsin solution (versene solution 
for cell suspension from primary biopsy), stock solution 
(kept in store as concentrated), supplements (natural 
media) like serum, plasma etc to be added to complete media 
are kept for use in the freeze. A description follows. 
!• Salt solution - Commercially available preparation are 
kept in stock lOX at ~12°C. These can be prepared also in 
the laboratory in desired compos it Ions (gnv/litre and stored 
as Hanks, Krebs, :Sarl, Dulbecco, Puck (Sharma et al oD.cit.). 
2. Complete media % Commercially available media are procured 
in aqueous or powder from (Tc^ 199, Tc 858, Eagles MEM) . 
The conposition i.'s given in literature (Sharma et al., op.cit). 
Mitpqenic Agents ;; Bactophyto-heamagglutinin is available 
in two forms - M and P, where M is dissicated in micro-
form, without toxicity, while sterile and depolysacchari-
zed form and more potent. Some other products used are 
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tuberculin, tetanous toxoid TAB, diptheria toxoid, sirall 
pox vaccine, leucocyte antiserum, pollen and yeast conca-
valin (Caravalis ensitormis) etc. 
Antibiotic solution t i^encillin sodium 100 iu/ml and 
Streptomycin sulp-=te (.1 mg/ml) are used in combination. 
tlsls 
Usually 1000,000 i.*, of /• in a sterile vial is dissolved 
by injecting 10 ml of sterile tripple distilled water. 
About 0.2 ml of the solution is added to 200 ml aliquots of 
tissue culture mediurr. (100 iu/m.l) . Similarly 1.0 g vial 
of the latter is made to be dissolved in 5 ml sterile 
distilled water. About 0.1 rrl Is added to 200 ml aliquots. 
2 3. Banding Patterns t 'rhe in vitro hybridization of DNA 
studied by (Pardue and Gall 1970) has influenced human chro-
mosome banding by -iting such regions in chromosomes to 
repetitive DNA (At -igM and Hsu 197l) . The differential 
staining could be c~^  ieved better with renatured DNA 
(repetitive) than denatured one (unique DNA) . Following 
this centric heterochtornatln staining, methods showing 
cross-banding pattern were also obtained, leading ultimately %o 
©'^ se out identification of chromosome pairs (Sumner et al 
1971). Following Paris Conferece (197l) the banding patterns 
were named (Frederie and Disteche 1973) as follows - Q band 
(Quinacrine staining and fluorescence) , trypsinization with 
Giemsa, R-Band (reverse banding of chromosome heated t( 
87°c). N^band (Nucleolar organizing region) , C,T band 
:o 
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(Centromere-teloiTiere region) and 0 (after Orcein, in place 
of G), A brief description follows t 
2.3i1 Q-bandinq technique j Fluoro-chromes such as Quinacrine 
mustared gives better result. The quinacrine mustared 
binds with DNA, the alkalyting agent binding with Guanine 
(Caspersson _et _al 1972) , the binding of quinacrine group 
from mustard involves their aspects/ mainly viz quantity 
of DNA^ and QM binding capacity, irregularities in distribut-
ion of DNA (Chrorrorreric pattern) , and Steric relations 
between DNA and chromosomal proteins. The bands are, however, 
reproducible with 98% accuracy of total metaphase chromosome 
length,the small band of chromosome 19 contains 10~ ^ q of 
DNA i.e. 10 nucleotide pairs (10 ~ ) genes. Banding is sugg-
ested to be related to difierential localization of A-T 
and G^C bases. Other flurochromes donot give better results. 
Proflavine, acriflavine, Ethidium bromide (.005% at pH 6.8, 
bright orange with native DNA, and dull orange with denatured 
DNA) are also used. Acridine orange gives different staining 
when chromosome is denatured and gives green (double standard 
DNA) and red (Single Stranded) fluorescence. Dull red/orange 
staining with AO Is found, Hoechst 33258 (2xlO~ M sol in 
0.1 X SSC) shows enhancement with both AT and GC rich DNA. 
Techniques t Chromosome preparation are brought down to 
water through dilute alcohol grades. The slides are soaked 
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in Sorensen's phosphate buffer (pH 4.1 - 7,0) and s tained 
in Quinacrine dihydrochloride (atebrine) 5 mg per ml 
(Qulnacrine mustard 50 mg per ml solut ion for 20-30 min. 
at 20°C) , slides? are washed in three changes of buffer, 
mounted in buffer sjid scanned. They are f i r s t observed 
under phase cont.rast, and than observed in f luorescence 
and photographec immediately. Prolonged exposure fades 
the p repara t ion , which can not be res ta ined again. 
i 
Modifications; in the method are also used j 
i) Alcoholic 9ra<3e can be made with buffer in place of 
d i s t i l l e d wster (Macllvaine's disodium phosphate/ 
c i t r i c acid buffer pH 7,0) QM al iquot added to buffer 
can give 50/ug/ml of the so lu t ion . 
i i ) Air dr ied prepara t ions submerged for 5 min in 0.005% 
UM so lu t ion in glass d i s t i l l e d water. S l ides can be 
washed 3-4 times for 25 s ec . in d i s t i l l e d water. 
Cells mounted in d i s t i l l e d water and observed 
(Manolov et al 1971) . 
i i i ) In malignant t i s s u e s , v inb l a s t i n sulphate (0.0075-0.015 
ug/ml) for l b <s usefu l . Staining is done with a tebr ine 
(0.5%) for 5-1.0 min, r insed th ree times with i so tonic 
s a l t so lu t ion (2 min with each) and mounted with 
s a l t so lu t ion (Fleischmann et al. 1972) . 
iv) Especia l ly ;:or Y-chromosome, s ta in ing is done in 5 ml 
QlVlOO ml (i/noRphate buffer pA 7,0) for 30 min, r insed 
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and mounted in the same medium. 
v) Hela cell is stained with 2% aqueous quinacrine d.lhy-
drochloride, containing 0.1% thymol, washed in running 
water, and differentiated and mounted in Mc Ilavaine's 
buffer (Czaker 1973). 
vi) About 3 g of quinacrine hydrochloride is dissolved 
in 50 ml l»l glacial acetic acid, propionic acid. 
Slides are dLpped in the mixture, washed (Within 10 sec) 
in running cold water, rinsed, and mounted with phosphate 
citrate or tristnaleate buffer. 
An optica:, device is very often used, Zeiss fluo-
resence photomtcroscope HBO 200 W superpressure mercurry 
lapp and filters BE 3 (2,5 min) and OG (1.5 mm). Epicon-
denser with dichoritic reflection (C-480 nm) is used, * 
sometime with short wave cut-off filter (C-500 nm) , the 
fluorescence bean is suppressed. The spread are photogra-
phed with Kodak Tri-.X and prints obtained with Agfa-
Gevaert Brovira. The filters used depends on fluorescence 
nature, BG 12 exciter with 510 nm M barrier filters. 
Fluorescence banding in addition to other bandings t 
1. Autoradiography and quinacrine staining } (Ganner and 
Evans 1971) j Cultures are incubated at 37°C, 7 2 h, 
colcerr.id (0.02% for 3h or one h (in pulse labelling), 
3Hthymldine (0.1 u Ci/ml of culture, 5-a, 24 1/mM) is added 
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to the culture 5 h "oefore fixation (cell labelled with 
later part of th«j S phase) A few cultures are pulse-
labelled 30 min to 3H, thymidine at 0,2M li/ml in 24 
li/mM), followed by change with 100 times higher concen-
trations of cold tl^ yinidine, lOh prior to fixation (Cells 
labelled with early synthetic phase), Air-dried prepa-
ration slides stciiijed in 0,5% aqueous atebrin solution 
for 6 min, washed is running tap water for 3 min., rinsed 
and mounted with distilled water under coverglass, Observed 
and photographed. The slide is restained with carbol fuchsin, 
covered with AR 10 Kodak film, exposed with the dark at 
40 to 6 d, and developed with Kodak 1913, Ail cells give 
positive aatoradiographs. 2% heating, proteolytic digestion 
and QM (Dutrillam et al 1972) , 
Slides treated with 20 mM phosphate buffer for 
10 min at 87°C, rinsed in tap water and stained with 
Giemsa. 
QM staining is carried out by taking 5 mg QK in 
100 ml of distillled water and rinsing thrice with Mc 
Ilvaines buffer pH 7.0. 
For proteolytic digestion, 5 mg pronase with 100 ml 
distilled water for 3 to 5 min at 37°C is used. The results 
are summerised. 
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Technique Bands 
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3. Giemsa 
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proteolytic 
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varia 
ble 
Variable q 
Infornr 
t ion 
needed 
3. Q and G-Bandinq (Evans et _al 1971) t 
Slides incubated for 1 at 60 C in 2 X SSC, stained 
with Giemsa (1.5 b Curr Giemsa R 661,0 m.1/50 ml buffer 
pH 6,8), rinsed blotted dry, soaked in xylol and mounted 
with DPX. 
Slides stained for 6 min at room temperature in 
0,5% (W/V) solution of atebrin (Sigma or Gurr) is deionized 
water, washed with running tap water (3 min) rinsed 
briefly with deionised water, drained and covered with 
a thin coverglass and sealed with a rubber solution. 
These can be viewed with Leitz Qrtholux with HBO 200 w/4 
mercury lapip and a FLOEK vertical illuminator at no, 3 with 
BL 12 exciting filter and 510 nm barrier filter. Spread can 
be photographed with leitz orthomai camera with Kodak 
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Pamatomi X film, developed in Kodak D61A (diluted 1*3 
with water) for 55 min at 20°C with agitation. Prints to 
be made with Kodak bromide paper (Grade 3) developed 
in Kodak D 163. 
QK and Giemsa stciininq (Aula and Saksela 19 7 2) 
Air dried preparation, stained in quinacrine mustard, 
buffer 50 mg/ml examined and photographed under fluorescence 
microscope. Slides are washed with distilled water and 
air-dried, they are subjected to denaturation renaturation 
method of Arrighi and HSu or sirtplified ASH technique of 
Sumner et al^ . Slides are stained in Giemsa (Kerk Ag) with 
1»50 dilution at pH 6-8 for 1.5 hour. The cells can be 
re-examined and banding pattern matched. 
4. Q-G and C-Bandinq (Disteche et al_ 1972) 
Air dried slides prepared from sub-culture of fibro-
blasts (Hams F-iO medium supplemented with 15% v/v Calf 
serum and antibiotics), slides stained in 0.1% aq. QM for 
5 min, rinsed and mounted with phosphate buffer (pH 5.0) 
or Mcllvaine buffer (pH 4.1) photographs are taken in UV 
light and sheet films analysed in a mlcrodensitometer. 
For G-banding, freshly prepared slides are incubated 
with 2X SSC (pH 7.0) for 20 min. at 56° and stained with 
Giemsa (pH 6,8) . 
Anti adenosine antibody binding method (Deb et^  al. 197 2; 
Erlanger et al_ 1972) . Base specific antinucleoslde anti-
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bodies reatt with specific nucleoside bases in single 
stranded DNA _ir) vitro. On being denatured with NaOH, they 
attach to human chronx)somes. Banding is obtained similar 
to Q and G (Freeman et aJL 1971) . other methods with fluo-
rescence are acridine orange, differential fluorescence 
combined chemical and immune chemical procedure (Shreck 
et aa 1973) , and QM conjugate polysino (Latt and Gerenld 
1973), and reverse fluorescent banding (chromomycin CMA 
and DAPI) . 
2.3,2 Giemsa Banding j 
Acetic alcohol fixation for denaturing DNA is 
Suggested. Staining in preheated Giemsa solution at 40-45°C 
for 2 min (Vass and Sellysi 1972) . Banding is the result 
of Interaction of the dye with DNA in different parts of 
the chromosome (S\imner et al. 1971) . 
Acetic Saline-Gjernsa technique (Evans £t ad 1971) 
(a) Air dried slides (fixed in acetic acid : methyl alcohol 
1»3) are incubated for 1 h, at 60°C or room temperature 
in 2X S,SC. NaCl (17.53 g + trisodium citrate 8.82 g , 
distilled water 1 litre) or at 40-45° for 2 min, in LX 
SSC with 90 min at 65°C in 2X SSC. Two changes in 70% 
alcohol are followed by staining in 5% Giemsa. It is rinsed, 
blotted dry, soak€:d in xylol and mounted in DFX. 
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Varia t ion in the technique are sometime helpful 
for a i r dr ied prepare':ion incubated at pH 6.8 a t 6 2°C for 
24 h in Sorensens phosphate fugger for 45 min at 66°c. 
Stained in Giemsa solut ion (7 ml stock + 20 ml sorensen 's 
buffer and d i s t i l l e d water to make 100 ml), pH 6.8-7.0 for 
5-10 min) . Di f fe ren t ia t ion with 10-20% ethyl a lcohol . 
Rinsed in water, dried and mounted. 
(b) a i r -d r i ed s l i d e s immersed in 0,07N NaOH at 20°C for 
90 sec, thoroughly washed in 70% ethyl a lcohol , t r a n s f e -
rred t o 96%, absolute ethyl alcohol and dr ied, incubated 
for 24 h in Sorensen's buffer at pH 6.8 at 59°C s ta ined 
with buffer Giemsa soliation (pH = 7.0) for 20 min. Elongated 
prometaphase chronrosomes give b e t t e r r e s u l t , NaOH concen-
t r a t i o n may range from 0.00 2-0.007, treatment time 30-120 
seconds, incubation period 12-18 hr , incubation in 2X SSC 
gives good r e s u l t s at 6 h. 
P ro t eo ly t i c Enzyme Treatment j Trypsin is prepared by 
taking 10 ml of s t e r i l e i so ton ic s a l i ne (0.85% KaCl) , added 
t o a phia l of bac to t ryps in , and to 1 ml of t h i s so lu t ion 
is added 9 ml of i so tonic s a l i n e , or 0.025% so lu t ion in 
BSS (minus Ca^ "*", Mg^ "*") is d i l u t ed 1x5 or 1:10. 
Air-dr ied s l i des are immersed in d i l u t ed solut ion 
of t ryps in for 8^10 aec (t 19-25°) and excess t ryps in 
removed by shaking and wiping the back of the s l i d e s and 
r insed in two changes of i so ton ic s a l i n e . Sl ides rinsed 
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in 95% a l c o h o l , s t a i n e d in 2% Giemsa in phospha te bu f f e r , 
washed r a p i d l y in buf fe r pH « 6 , 8 , with two changes and 
b l o t t e d d ry . Rinsed in xy lo l and mounted in n e u t r a l moun-
t i n g medium. Hydrogen-peroxide t r e a t m e n t be fo re t r y p s i n i -
s a t i o n i s r e q u i r e d f o r c o n s i s t e n t banding p a t t e r n s (Sea-
b r i g h t 1973) , o t h e r enzymes used a r e f i c i n , b romel in , 
papac in (Seab r lgh t l 9 7 i , 1972) . 
Modi f ica t ion in t r v p s i n - d i g e s t l o n method (Wang and Fedoroff 
1972). One p a r t of t h e flame d r i e d s l i d e can be t r e a t e d 
with t r y p s i n s o l u t i o n (0.025 t o 0,05% t r y p s i n in Ca"*" and 
Mg"*" f r e e or in t r y p s i n - v e r s e n e (0,025-0.05% t r y p s i n and 
0.02% EETTA In 111 r a t i o a t pH = 7j) f o r 10 min. a t 25°C 
( the o t h e r p a r t s e r v e s as c o n t r o l ) , S l i d e s a r e r i n s e d in 
two changes, each of 70% and a b s o l u t e e t h y l a l c o h o l , a i r 
d r i e d , s t a i n e d f o r 1-2 min in Giemsa, r i n s e d t w i c e in 
d i s t i l l e d wa te r , a i r d r i e d and mounted. Giemsa s o l u t i o n 
i s p repared by t a k i n g 5 ml s t o c k of Giemsa, 50 ml d i s t i -
l l e d . Water and 1.5 ml 0 ,1 M c i t r i c a c id , pH 7,0 with 0 ,2 K 
Na^HPO^. 
P r o t e i n d i g e s t i o n can be performed a l s o by urea 
(SM) and Sorensensi bu f f e r (M/15 KH2P0^/Na2PC4, pH 6.8) in 
r a t i o 3V»1V, a t 37°C fo r 10 min, s t a i n e d in Giemsa (2%) 
fo r 5-20 min a t room t e n p e r a t u r e . 
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Some irrproverrier/t by o x i d a t i o n ( U t a k o j i 1972 , 1973) has 
a l s o been t r i e d . A i r - d r i e d s l i d e s a r e i n c u b a t e d f o r 20-40 
min i n 10 mM p o t a s s i u m p e r m a g a n a t e i n 33 mK p h o s p h a t e 
b u f f e r a t pH - 7 and c o n t a i n i n g 5 mM magness ium s u l p h a t e 
in an i c e - b a t h . They a r e washed i n r u n n i n g w a t e r f o e 3 s e c , 
s o a k e d in a b s o l u t e methy l a l c o h o l f o r 5 min and a i r - d r i e d -
S t a i n i n g i s done w i t h Giemsa (1%) w i t h phosx^hate b u f f e r 
(pH - 7.0) f o r 5 min, and s e a l e d w i t h E n k i t t c o n t a i n i n g 
one p e r c e n t b u t y l h y d r o x y t o l u e n e . 
G i e m s a - b a n d i n g a t d i f f e r e n t pH : 
(A) Giemsa - 9 b a n d i n g ( P a t i l e t a l . 1971) j 
S t a i n i n g i n Giemsa (2 ml of H e r l e c o Giemsa + 2 ml of 
0.14M Na2HP04 + '3r- ml of d i s t i l l e d w a t e r t o pH = 9 .0) f o r 
5 min . washed i n r u n n i n g c o l d w a t e r , a i r d r i e d , 
(B) S t a i n e d i n 2% Giemsa i n 0 . 1 % Na2HP0., 2H O pH = 1 1 . 6 
c w i t h NaOH. Rinse<J, d r i e d and moun ted . H e t e r o c h r o m a t i n i n 
c e n t r o m e r e of chromosome 9, s t a i n r e d - p u r p l e . 
{C) pK = 11 .0 p r e p a r a t i o n shows d i f f e r e n t b a n d s : 
T e c h n i q u e 
Sec* c o n s t r i c -
t i o n i n 
chromosome 
1 
9 
S t a i n i n g 
A f l u c r e s -
:;e.nce 
•tm 
d - r 
method 
+ 
Giemsa 
Band 
H^  
Giemsa a t 
pH = 11 .0 
+ (pairt) 
+ 
16 
Con td . 
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Distd:i long 
a r ea of y + + + 
chromosome 
Source i Caspersjson Ar r lgh l Sumner Bobrow 
e t a l 1972 and Asu e t al. 1971 e t al. 1972 
(D) In Chinese hamster , s a l t s or a l k a l i n e pH y i e lded good 
bands, p r o b a b l y , by t h e e x t r a c t i o n of a c i d i c p r o t e i n s ; 
S t a i n i n g in Giemsa (NaCl/phosphate buffer) (Kato and 
Mosiwaki 197 2) . 
S i m p l i f i c a t i o n of Techniques (Younis and Sanehez 1983) : 
F r e s h l y p repa red s l i d e i s immersed in fo rmal in (4%) 
fo r 5 mln, r i n s e d in running t a p water fo r 5 mln. and 
s t a i n e d wi th 1% Glemsa (Gurr R 66) for 30-40 min. Fresh 
s l i d e s kep t in a b s o l u t e methyl a l coho l (5-10 min) d r i e d , 
and s t a i n e d in Giemsa (1x80 in G.13M phospha te b u f f e r pH 
6,7) for 30 min, can a l s o be b e t t e r . Other m o d i f i c a t i o n s 
a r e a l s o sugges ted (Feulgen s t a i n i n g , Mittwoch 1974, Alcian 
Blue, L a b e l l e and B r i e r e 1971, Ammoniacal Giemsa) 
Combined G- and C.Banding Technique i 
Giemsa-s ta ined s l i d e s a r e d e s t a i n e d wi th methanol a t 
60°C for 16-24 hrs;, t r e a t e d with,:?. 25% t r y p s i n in phoaphate 
bu f fe r (pH = 7.0) (0 ,8 g NaCl + 0 .3 g Na^HPO^ + 12H2O + 
0 .2 g KCl + 0,0 2 CI KH^PO^ ••• 100 ml d i s t i l l e d water) . S l i d e s 
a r e r i n sed in GKN ( l . l g g l u c o s e + 0.4g KCl + 0 .88 g NaCl 
+ 0.035 NaHCO- + 100 mi d i s t i l l e d water) 15 s e c . and s t a i n e d 
immediately w i t h Ciiemaa, 25 min. 
2.3.3 R-Bandlnq (Dutrillaux et al 1972, Stol 1975) : 
Air-dried preparations immersed in phosphate buffer 
pH-6.5 at 87 C for 1-12 min. when coded to 70°c, the slides 
can be washed and stained with Giemsa at room temp. Alter-
natively, air-dried slides are treated with Earle's medium 
at 87 c for 10-12 min, rinsed with tap water and stained 
with Giemsa, 
>.3.4 C-Banding t For knowing repeated DAN sequence (Arrighi and 
HSU 1971) . 
Acid treatment (C.2X 1 HCl) removes histones and non-
acedic proteins, ribonuclease withdraws RNA, and the chro-
mosome is treated in situ with sodium hydroxide (2 min) and 
incubated 18-24 hour in 2 x 16 x SSC at 65°C, stained in 
Giemsa (0.3 M NaCl +0.3 M triesodium citrate - 2X SSC) . 
i) Slides are treated with 0,2N HCl at room temp, for 30 
min, rinsed several times in distilled water and air-
dried. 
ii)Slides are treated with ribonuclease 100 ug/ml in 2X 
SSC at 37°c in a moist, chamber for 60 min. (stock 
solution in boiling water bath for 5-10 min. to denature 
DNA sequence, 
iii) Slides are rinsed in 2X SSC, 70% and 95% ethyl alcohol 
and air-dried, 
iv) Slides are treated 0.07N NaOH for 2 min and rinsed in 
alcoholic grades (70%, 95% to remove NaOH). 
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v) Slides are further incubated in 2X Scc or 6x scc at 
65 overnight, and rinsed in alcoholic grades several 
tiroes. 
vi)Staining is done in Giemsa for 15-30 min. About 5 ml 
stock Gierrsci + 30 ml distilled water + 1,5 ml O.IM 
citric acid, pH = 6.8-7.0 with 0.2M Na HPO ). 
vii) Slides are rinsed, air dried and mounted. A shortened 
schedule includes -
air dried slides treated with 0.07N NaOH 
rinsed in 70% and 96% ethyl alcohol and air dried 
incubated in 2X SSC at 60°C for 16 hour, 
rinsed again in 70%, 95% ethyl alcohol. 
Stained in G.Lemsa for 1 hour at pH = 6,8 
rinsed in distilled water and air-dried 
rinsed in xylol and mounted in neutral medium, 
B Drets and Shaw (i97l) t 
Reagents j Alkaline solution 2.8 g NaOH +6.2 NaCl + 
distilled water to make 1 litre. 
- 12X SSC can be prepared by adding citrate to 1 lit. 
distilled water, pH « 7.0 with 0.1 N HCl. 
- Giemsa prepared by taking 5 ml stock + 3 ml absolute 
methyl alcohol and 3 ml M citric acid + 100 ml distilled 
water, pH - 6.6 with 0.2M NajHPO^. 
Air-dried slides are treated for 30 sec. in 0.07N NaOH in 
0.112 M NaCl (pH « 1200) at room tenperature, rinsed thrice 
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in 12X SSC (pH = 7,0) for 5-10 min. each, incubated in 
12X sec at 65°C for 60-72 hour, passed through 2 changes 
of in buffered Giemsa (pH = 6.6) for 5 min, rinsed in 
distilled water, air-dried, mounted in permount. 
The method can be used differently, like NaOH is taken 
at 0° or tenperature, 0-180 sec. incubation in 2/6/12/24 X 
SSC, 15 min. - 36 hours, Giemsa staining 5-90 min, incubation 
in 1:1 Formamide 12X SSC at 37°c for l-5days. Dibasic sodium 
phosphate (pH = 11,8-12.0) for 10-30 min, 5-90 min. in Hanks, 
and <jiemsa staining gives C-bands. 
IC J Yunls et al_ (i9 7i) ; 
Denaturation in 0,06M phosphate buffer (pH = 6,8) at 
85-lOO°C, fast cooled at 0°C, stained with Giemsa, Alter-
natively, heat dried slides, 0.02N. HCl, 15-20 min. and 
24 hour. Incubation in SSC, staining, at pH = 7.0 (air or 
flame dried slides NaOH treatment is required in addition 
to HCl and SSC) . 
ID (Chen and Ruddle 1971) i 
Air dried slides treated in 0,2N HCl for 30 min, rinsed 
thoroughly in distilled water and air dried, treated to 
100 ug/ml RNase solution in 2X SSC followed by 70%, 95% 
ethyl alcohol and air dried. DNA denatured in 0.07N NaOH, 
rinsed in 70% and 95% ethyl alcohol, air dried. Slide is 
rubbed with solution (5.0 gelatin -•• 1 litre distilled 
water + 0.5g postassium - and air dried). Soaked in 2X SSC 
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at 65° srvernight, rinsed again in 70% and 95% ethyl alcohol 
and air-dried, stained in buffered Giemsa for 15 min, 
differentiated in distilled water, air dried, cleared in 
xylol and mounted with permount. 
IE (Bosman and Schaberg 197 3) t 
Slides incubated in sodium chloride buffered (900 mg 
NaCl, 220 mg Na2HP0^ and 32 g KH H PO^ per litre, final 
pH = 7,3) at 20-22''C for one hour, rinsed in distilled 
water, incubated in buffer pH 6,8 at 20-22°C for 5 min, 
stained in Leishman for 4 min (25 ml of stock + 75 ml buffer 
pH = 6,8) , rinsed twice in distilled water and air-dried. 
Giemsa can be also used. 
2.3,5 N-Bandinq : 
It is caused by acidic proteins (Matsui and Sasaki 
1973) and is found at nucleolar organising regions. Slides 
are incubated in 5?/i trichloroacetic acid (aq) for 30 min 
at 85-90% rinsed in water, relncubated for 30-45 min at 
60°C in 0,1N HCl, rinsed in tap water and stained for 30 
min with phosphate buffer Giemsa, pH « 7,0 (TCA can be 
replaced with DNase, 100 Mg ml for 66 min at 37*^ 0 at pH 
6,6), pancreatic RNase at pH = 7,0), 
2, 3. 6 CT-Bands ; 
Air-dried prepara t ions treated with 3% Ba(OH) _ solut ion 
at 60°C, incubated in 2X SSC at 60°C and s ta ined with 
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Gleinsa, Bands like C are found In telomerlc regions 
(Scheres 1974) . 
2.3.7 Amrronlacal Silver III (AS-SAT) technique (SAT-DKP) t 
About 8.0 gm sliver nitrate is dissolved in 100 ml 
distilled water and 10 ml concentrated ammonium hydroxide 
to give colourless solution; pH i2;0-12.5, filtered and 
dropped on slide, j:ollowed by drops of 3% formaline, 
neutralized with sodium acetate. Secondary constriction 
of chromosome 9 an<? centromeric region of D and G group 
stained. Negative silver staining in A and satellite DNA 
rich region (HowellL and Deuton 1976, Howell et al^  1975) . 
Two drops of fresh ammoniacal silver solution and absolute 
methanol are placed or air-dried slides, mixed and kept at 
67 c (under coverslip for 3 min) . Coverglass is washed off 
with methanol, slide also washed in methanol, and 2 drops 
of 3% neutralized liormalin and 2 drops of ammoniacal silver 
solution are added, and kept for 5 min. The preparation 
turns golden yellov; (SAT regions of 1,9,16 and 1/q do not 
take up any stain) , 
2.3,SSister chromatid techniques j 
For effects of m\jtagen in cell system, Hoecshst 33258 
can be replaced by Giernsa staining (Korenberg and Freel 
ander 1974) . To leucocyte culture Brdu 10"'*M at 69th (of 
culture) is added, colcemid 0,08 g/ml cell suspension is 
centrifuged at 70x9 (5 min) , resuspended and incubated 
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37°c, for 8 min in 0.075MKC1. Cells are fixed(lj3) and 
air dried. The following day, the slides are heated at 
87-89°C for 10 min in l.OM Na^HPO^, pH « 8.0, rinsed in 
distilled water at 23°, stained with Giemsa 2-10 min (2.5 
ml Harleco Giensa + distilled water 50 ml) . Chromatids 
acquire differential staining affinities with Giemsa (Brdu 
can be added at various intervals, 1,24, 40 and 70h of 
culture) . 
2-.5.5 Cornbined SCD staining and G-Bandinq : (pathak et^  al^  1973) 
Lynphocyte cultures treated with Brdu 24 hour after 
initiation, reincubated for 28 hour in the dark. Colcemid 
(0.05 ug/ml) 2 hour before harvesting. 
Dried trypsin (20%) and Hanks balanced solution (without 
Ca and Mg) gives for 1-2 min, rinsed in Hanks BSS, followed 
by 75% and 95% ethyl alcohol and air dried slides stained 
with 2% Giemsa in O.OIM phosphate buffer (pH » 7.3) for 
2 min and rinsed in dezonized water. Short treatment pro-
duces SCD and slightly longer G-banding. Continued treatment 
leaves only G_banding, 
2. ^  Human Karyotype ; 
The systematic arrangement of the chromosomes from a 
single cell (diploid) prepared either by drawing, or by 
photography, is called as karyotype. The chromosomes, put 
in homologous pairs, are arranged according to their 
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length in descending order/ and are classified into seven 
groups. A, B, C, D, E, F and G according to their shape, 
size, and respective centromerlc positions. The group Is 
represented below i 
Terminology of Centromerlc point (Levan et £l_ 1964) 
Terminal 
Sensu stricto 
Centromic 
position 
Median 
Median 
Submedian 
Subtorminal 
Terminal 
Arm 
ratio 
\ 
t 
1.0 
1.7 
3.0 
7.0 
Symbol 
M 
m 
Sm 
St 
t 
Term Lenath of the chromosome 
Large Intermedi-
ate 
Small 
Metacentric A - F(19,29) 
(1,2,3) 
Metsacentri 
Submeta-
centric 
Subtelo-
centric 
Acro-
::entric 
c -
B(4,5) C(6-12) E(16-18) 
- - -
D(13^ 15) - G(2U22) 
Telocentric 
The details of various codes for chromosome nomen-
clature have been proposed through time at the following 
conferences j 
Year Place Purpose 
1960 
1963 
Denver 
London 
1966 Chicago 
1971 P a r i s 
1976-1981 Mexico 
C l a s s i f i c a t i o n of human karyo type 
New Methods of i d e n t i f i c a t i o n of 
i n d i v i d u a l change. 
Shorts and nomenc la tu re . 
C l a s s i f i c a t i o n In r e l a t i o n t o band ing . 
Human c y t o g e n e t i c nomencla ture r e p o r t s 
p u b l i s h e d p e r i o d i c a l l y . 
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The Denver conference called for grouping of chromosome 
according to length of each chromosome relative to total 
length (haploid and X-set) arm ratio of chromosome as 
length of longer arm to total lengths^ and presence of 
satellite. The London conference highlighted presence of 
secondary constriction and features of autoradiography 
l,e, replication. The Chicago conference, formulated des-
cription for denoting abnormalities (Short and formulae) , 
and Paris conference concentrated on banding. Some criteria 
for giving chromosome morphology are described below, 
oentrcenc index (c) . ^ ^gj^lln^t^iU^"' '^ ' 
Korphological index (M) = g t q (halpcid set) 
Human chromosome range in size from 1 larger than 5u 
to less than lu. Two methods are utilized for preparation 
of karyotype -
i) Pairing off method : Two partners of honologue are paired 
centromere to centromere wise in p-q fashion. The 
measurements are than taken. 
ii) Karvoqram method i The relative lengths of the long arm 
and short arm are expressed as percentage of total halpoid 
conplement are read on a graph, and chromosome represe-
nted by a single point on it. Such points lying close 
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Table iO» Measurements of the chromosomes 
Group Chromo-some 
No. 
A v e r a g e l e n g t h as 
p e r c e n t a g e of au tosoma 
genome ( P a t a u ) 
T o t a l l e n g t h 
( R e l a t i v e ) 
C e n t o m e r i c 
I n d e x ( P a r l s 
Conference) 
B 
C 
D 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
X 
Y 
4 . 6 8 
5 . 2 8 
3 .80 
4 . 8 5 
4 . 6 6 
3 .87 
3.54 
3 .45 
3 .25 
3 . 2 2 
2 .90 
3 .38 
3 .29 
3 . 1 2 
2 .89 
1.93 
2 . 0 7 
2 .04 
1.32 
1.30 
1.26 
1.38 
3 .26 
1.64 
4 . 5 7 
3.35 
3 .32 
1.84 
1.75 
2 .36 
2 .04 
1.63 
1.72 
1.54 
1.88 
1.32 
-
~ 
-
1.34 
0 . 9 6 
0 . 7 6 
1.11 
1.05 
-
-
2 .02 
. 
8 . 4 4 + 0 . 4 3 3 
8 . 0 2 + 0 . 3 9 3 
6 . 8 3 + 0 . 3 1 5 
6 . 3 0 + 0 . 2 8 4 
6 . 0 8 + 0 . 3 0 5 
5 . 9 0 + 0 . 2 6 4 
5 . 3 6 + 0 . 2 7 1 
4 . 9 3 + 0 . 2 6 1 
4 . 8 0 + 0 . 2 4 4 
4 . 5 9 + 0 . 2 2 1 
4 . 6 1 + 0 . 2 2 7 
4 . 6 6 + 0 . 2 1 2 
•3 .74+0.236 
3.5 6+0.229 
3 . 4 6 + 0 . 2 1 4 
3 . 3 6 + 0 . 1 8 3 
3 .25+0 .189 
2.9 3+0.164 
2 .67+0 ,174 
2 . 5 6 + 0 . 1 6 5 
1 .90+0.170 
2 . 0 4 + 0 . 1 8 2 
5 , 1 2 + 0 . 2 6 1 
2 . 1 5 + 0 . 1 3 7 
4 8 . 3 6 + 1 . 1 6 8 
3 9 . 2 3 + 1 . 8 2 4 
9 6 . 9 5 + 1 . 5 5 7 
2 9 . 8 7 + 1 . 8 6 1 
29 .25 + 1.7 39 
3 9 , 0 5 + 1 , 6 6 5 
3 9 . 0 5 + 1 . 7 7 1 
3 4 . 0 8 + 1 . 9 7 5 
3 5 . 4 3 + 2 . 5 5 9 
3 3 . 9 5 + 2 . 2 4 3 
4 0 . 1 4 + 2 . 3 2 8 
3 0 . 1 6 + 2 . 3 3 9 
1 7 . 0 8 + 3 . 2 2 7 
1 6 . 7 4 + 3 . 5 9 6 
2 0 . 3 0 + 3 . 7 0 2 
4 1 . 3 3 + 2 . 7 4 
3 3 . 8 6 + 2 . 7 7 1 
3 0 . 9 3 + 3 . 0 4 4 
4 6 . 5 4 + 2 . 2 9 9 
4 5 . 4 5 + 2 . 5 26 
3 0 . 8 9 + 5 . 0 0 2 
3 0 . 4 8 + 4 . 9 3 2 
3 4 . 0 8 + 1 . 9 30 
2 7 . 1 7 + 3 . 1 8 2 
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together indicate similarity in chromosome structure, and, 
form 
can be said to/seven clusters, A to G. 
Considerable variation exists in the size, number and 
size of the satellites, secondary constrictions, acrocentric 
chromosomes and 'Y* chromosome. The short arm of acrocentric 
chromosomes show late DNA rep^'ication (hetero-chromatic) 
studied by autoradiography. 
Autoradiographic study for late 'S* phase replication 
is not much helpful in chromosome identification, due to 
asynchronous replication (Hamerton 1973) . Ban'ding pattern is 
usually followed for Q-staining and banding (casperson et al 
1970) and comparisons'from other bandings noted (G,R,C). 
Photometric scanning of fluorescent patterns are used only for 
confirmation of visual classification. Some variation in centro-
meric and heterochromatic segments are noted, 4qh, 9qh and 
16qh, yq. Usually a chromosome is taken as a. linear series of 
bands. Chromosomes are divided into regions, identified by 
landmarks (the end of a chromosome, centromere, certain bands 
etc) . 
A region is defined as a portion between two landmarks. 
A band is defined by its midpoint and not the margins. The 
bands are numbered according to chromosome, arm symbol, 
region number and band number the numbeoals used consecutively 
from the centromere towards the end, each in ascending order. 
Thus the notation 24 4 3 denotes a band on chromosome 2, big 
arm, 4the region, and band 3. Any sub-baned is given in decimal 
viz. 2q 43.4 or 2q 43.2 
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A list of bands follows in the following page. 
Further a chromosome containing many genes which their are 
called as markers of a given chromosome. Some of the major 
marker loci for human chromosomes are well known ^Shflrma op.cit). 
Table t Description of chromosome bands 
Chromo-
some No. 
Arm 
number of 
region Landmarks (the number in parantheses are the region and band numbers) 
P 
q 
2 
3 
3 p 2 
q 2 
4 q 3 
6 ,p 2 
7 p^ 3 
proxim,al band of medium intensity, 
median band of medium intensity (31) 
proximal negative band (21), distal to 
variable region, median intense band 
(31), distal medium band (41) 
median negative, band (21) 
proximal negative band (21), distal 
negative band (31) 
Median negative band (21) 
Median negative band (21) 
proximal negative band (21), 
distal negative band (31), 
Median band of medium intensity (21)/ 
distal negative band (31) 
IDC band (21^ . 
Distal medium band (21) 
proximal medium band (21), 
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q 2 
8 p 2 
q 2 
9 P 2 
q 3 
10 
11 
12 
13 
q 
q 
q 
q 
2 
2 
2 
3 
14 
15 
16 
17 
18 
21 
X 
q 
q 
q 
q 
q 
p 
q 
2 
2 
.2 
2 
2 
2 
2 
median band of medium intensity (31) 
Median negative band (21) 
Median band of medium intensity (21) 
Median intense band (21), 
Median band of medium intensity (21), 
distal band of medium intensity (31) 
proximal intense band (21) 
Median negative band (21) 
Median band of medium intensity (21) 
Median intense band (21), distal 
intense band (31). 
proximal intense band (21) 
distal medium band (31) 
Median intense band (21) 
Median band of medium intensity (21) 
proximal negative band (21) 
Median negative band (21), 
Median negative band (21). 
proximal medium band (21) . 
proximal medium band (21) . 
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'able i Nomenclature and abbreviations used In Kaiybtype formula 
AI 
A l l 
a c e 
arrow( ) 
* 
a s t e r i sk 
b 
Cen 
Chi 
Colon 
= 
K 
= 
S 
= 
=: 
= 
« 
=e 
1st meiotic anaphase 
2nd meiotic anaphase 
acen t r i c fragment 
from t o 
used l i k e a mul t ip l i ca t ion sign 
br^ak 
Centromere 
Chimera 
break 
Double colon ti = break and reunion 
Cs « Chromosome 
Ct = Chromatid 
Cx « Complex 
del =•• delection 
der = derivative chromosome 
dla » diakinesis 
die = dicentric 
dip = diplotene 
die = direct 
dis = distal 
h = secondary constriction 
i = isochromosome 
ins = insertion 
inv = Inversion 
lep » leptotene 
MI = First meiotic metaphase 
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Mil = Secorid me lo t i c metaphase 
mal = male 
mar •- marked chromosome 
mat =3 material orgln 
med = median 
min s= minute 
«=•• less of 
mn at modal number 
mos = mosiae 
Oom :s Oogonial metaphase 
p ~ Short arm of chromosome 
pi =s first meiotic prophase 
pac = pachyline 
( ) =K used tjo surround structurally altered 
chromosome 
dit sr dictyate 
dmin =r double minute 
dup =r duplica 
e ss exchange 
end = endorveduplication 
= = sum of 
f = fragment 
fan = female 
g = gap 
+ •» ^ ga-in^  of 
prx = proximal 
psu « pseudo 
pvz = pulverization 
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q = long arm of chromosome 
qr = quadri radial 
? = quesj;ionable 
r = ring chromosome 
rep = reciprocal 
rea = rearrangement 
rec = recombination^chromosome 
rob = robertsonian translocation 
pat a paternal origin 
pec = premature condensation 
ph = phlladelplia chromosome 
tan = tandem duplication 
ter = terminal end of chromosomie 
tri = tricentric 
= = used to distinguish homologous chromosome 
var = variable chromosome region 
Xma = Chi as ma (ta) 
Zyg = Zygotene 
S » Satellite 
See = Sister chromatid exchange 
Sdl = Side line, subline 
; = separate chromosomes and chromosome region 
in structural rearrangements, involving 
more than one chromosome. 
si = stem line 
/ = separate cell line in describing mosaics 
or chimeras, 
spm = spermatogonialmetaphase 
t = translocation. 
CHAPTER I I I 
PRESENT STUDY 
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3,. PRESE^^: STUDY 
1. Introduction : 
Study of mental retardation is a very neglected aspect 
of medical investigation, particularly, in general hospitals 
of India, even in the university scheme. Aligarh Muslim 
University has a teaching hospital, J.N. Medical College and 
Hospital, which caters to the health care of the University 
Campus and rural and urban inhabitants in the district. No 
facility for special mental retardation clinic is provided. 
Oceasional services in the Paediatrics and Medicine departments 
are extended by consultants and junior doctors. The patients 
are seen only in the outpatient departments and no wards 
are provided. More patients are referred to Delhi and Agra 
where facilities for this are available. Laboratory diagnosis 
and psychological evaluation are rather limited, except for 
routine pathological and radiological nature. Genetic 
counselling, or even ascertainment of pedigrees is conspicuous 
by its absence. A study on inbreeding effects on IQ is 
attempted (Afzal 1989, 1990) but no attempt was made to 
attenpt chromosomal or single gene disorders, present work 
is an attenpt to investigate the genetic factors in mental 
retardation, particularly from the hospital referrals, for 
the diagnosis of patients. The study is very limited, never-
theless, it is an attenpt to catalogue, the profile of 
patients and also their chromosomal constitution obtained 
within a limited study. 
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2. M a t e r i a l s and Methods : 
2.1 Subjects t 
patients attending the J.N. Medical College and Hospital, 
Aligarh were referred to the Human Genetics and Cytogenetics 
Laboratory in the Zoology Department (Room No. 33). The 
details of the history and clinical profile were noted by 
the physician und«srtaking the patients in the outpatient 
department. The address, age, sex, and registration number 
of the patients erjtered into the investigation slip, was 
received by the present worker and entered into the K-
register. The date, name, age, sex, K-number, and address 
were duly entered before taking the blood. Pedigree was 
also drawn upto 2 generations and consanguinity, if any 
was shown. 
2.2 Clinical Examination t 
Detailed feetures of the patients were noted as 
described by Phadke et al (i974). These included microcephaly 
or brachycephaly, mongoloid slant of eyes, epicanthic folds, 
Brushfield's spots, low-set, soft ears, large protruding 
furrowed tongue, high arched palate shortn neck, congenital 
heart disease,short extremities, broad hands with stubby 
fingers, clinodactyly, hypotonia, 
2.3 Cytogenetic studies i 
1, Sampling i 
Peripheral blood culture was done as per Moorehead et^ al^  
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(1960) blood was taken by veinal puncture in steri-ware 
' or 
syringe from the arm/inguinal region of the patient. About 
2 ml of blood was withdrawn from each patient and blood 
poured into a sterile tube, containing 0,1 ml (2-3 drops) 
of heparin (1000 u) the tube tightly capped duly and mixed 
both 
by rolling through/the palms thoroughly. 
2. Plantation t 
The use of the flame of a spirit lamp to keep mouth 
of the tubes fully sterile was unavoidable. The blood was 
taken to the culture room in the Zoology department itself. 
The laminar flow was already kept on to give sterile air. 
After due cleaning of the chamber, the bottle containing 
culture medium TC-199, supplemented with 20% foetal calf 
serum was opened and 5 ml of media was poured from this 
into 4 culture vials for each sample. To this media was added 
about 0,2 ml of blood drop by drop using a pipette and the 
culture bottle wan tightly capped and covered with parafilm 
and duly labelled., (Separate and sterile pipettes were used, 
with sterile rubber bulb only to avoid contamination. The 
y pipettes were put into the soap-bucket for future cleaning). 
The laminar flow v/as cleaned, following removal of all the 
glasswares and pipettes. The hood of the laminar flow was 
closed and UV put on to kill any bacteria^ . The planted 
culture in the vial were put in the waterbath at 37°. 
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3. Harvesting i 
On the third day. Colchicine (0.1 ml of strength) 
was added to each tube about one and half hours just before 
conpletlon of th« 72 hours. The contents were then trans-
ferred to the centrifuge tubes, (sterile) and centrifuged 
at 1000 rpm for J.O minutes. The supernatant were discarded, 
and about 6 ml of hypotonic KCl 0.56 already kept at 37° 
was added to each tube on a vortex mixer. The tubes were 
covered with parafilm and put back into water bath at 37° 
for 30 minutes. The centrifuge tubes were taken out, super-
natant removed, and about 6 ml of fixative (freshly prepared 
by taking methyl alcohol and acetic acid in a ratio 3» 1) 
was added to each, while the contents were kept stirred on a 
vortex mixer, 
4. Fixation t 
The tubes were put again in water bath at 37°. After 
half an hour the tubes were again taken out, centrifuged, 
supernatant discarded and about 6-8 ml of fixative was added 
were 
to wash out the cells While contents/being constantly 
stirred on a vortex mixer. The tubes were again put back 
into refrigerator for 10 mts. Thus three washings were given 
and the cells in the last tube were kept for chromosome 
preparation. 
5. Slide preparation i 
Dechlorinated, clean slides already put under distilled 
water, and freezed for more than an hour, were taken out. 
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A few drops of px-epared fixatives were added through a 
pasteur pipette to the cells in the tube, thoroughly nnlxed, 
and small quantity sucked and put as droplets on the ice-
a 
chilled slide from above half/metre. The cellscoming in 
touch with glass slide got burst, the underside of the 
slide was shown gentle flame and the drops were blown out 
to spread it dry (air-dry). The slide was labelled with a 
diamond pencil (cate and K-number) and put for staining, 
6, Staining and Observation j 
The slides v?ere stained In 5% Giemsa prepared in 
phosphate buffer, pH 6.8 for 5 minutes and then observed 
under light microscope to notice growth. The fields were 
scanned, spots identified, and chromosomes counted in 11 
plates. The readings were noted. Sketchesi were drawn and 
the chromosome consistution noted. The diploid number was 
put into the patients report and sent back to the hospital. 
7. Banding t 
The most e a s i l y ava i l ab le banding f a c i l i t y , i . e . , GTG 
banding was done to e s t a b l i s h the chromosomal p a t t e r n of 
the sub jec t . The procedure was modified form of Seabright 
(1971) as u t i l i z e d by labora to ry workers (Verma 1986 p . c . ) . 
About 50 mg of t ryps in . 50 mg of EDTA, 4 ml of PBS and 36 ml 
of d i s t i l l e d water were mixed together at room temperature 
t o prepare t ryps in s o l u t i o n . Three j a r s containing 0.85% 
of Normal Sal ine were used as washing-bath. The s t a in used 
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was Glemsa, 5% in phosphate buffer 6.8, d i s t i l l e d water 
was used for washing the s ta ined s l i d e s . The s l i d e s were 
seasoned for 15 minutes in K^HPO. a t 60°. These were than 
2 4 
put into trypsin solution for 15 to 30 seconds. The slides 
were immediately renoved and washed into normal saline 
solution (the slide was left for 2 minutes In the last jarX. 
Afterwards, the sJ ides were stained in 5% Giemsa for 5 minutes, 
and washed in distilled water, and finally observed under 
microscope (lOx to search plates, 40X to see action of 
trypsin and oil immersion to see the band). 
Lack of fluorescence facility precluded any attenpt 
at Q-banding. Since most investigations concerned gross 
numerical changes in chromosomal constitution, this banding 
was not attempted. 
8. Photography ; 
Clean metaphase plates were marked out and the karyo-
type was photographed on an automatic Camera in the Nikon 
microscope. The exposure time and the contrast was optimal. 
Three to four snapJJ were taken for each plate. The films 
were developed in the market studio at desired enlargement, 
?ndl process 
The film was black and whit^/routine/was adopted. The 
photographs were cut and pasted out in rows and columns, as 
done in regular kajryotyping. The karyotype thus arranged 
the 
was rephotographed and/spread was used for final analysis. 
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9, Acrocentric Chromosome Association : 
The behaviour of acrocentric chromosomes were especially 
noted in metaphase, so as to count their mutual convergence 
or association. Thenumber of associations in each phase, 
was counted and also the number of chromosomes participating 
in association. The percentage of cells in association and 
mean Acrocentric .?U5sociation per cell were calculated. The 
details of the tyjpes of chromosome (D,G.) in association 
and their association index will be presented later on. 
Separate cultures were put for both the parents and the off-
spring in the controls and for Down's parents taken 
separately, 
10, Fragile site j 
For recording fragile sites, the culture medium used 
was RPMI 1640 with a defolating agent added. The cultures 
were put as usual, 4 tubes for each case. Harvesting and 
fixation were followed by staining, banding and photography. 
One hundred cells were seen to record the number of fragile 
sites, if any, and to record the group, type of the chromosome 
and the position of the fragile site, 
2.4 Interphase nuclear staining t 
The cases of suspected sex-chromosomal abnormalities 
as reported clinically or by prior hormonal assay were also 
put to interphase nuclear staining, namely Barr-body staining. 
The tissues sampled for this purpose were buccal squamous 
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e p i t h e l i a l c e l l s and pe r iphe ra l blood. The s t a i n s used 
were aceto orcein and Giennsa. 
Sanpling : 
The patients was asked to rinse his mouth twice. The 
left cheek of the patient was held with the fingers using 
tissue paper and the help of a spatuala, the inner dead 
layer of cheek was removed and thrown away. Next tiire, a 
spatula was used :o scrap deeper fine layer (without hurting 
the patient's cheek) and the scrap was put on a neat and 
clean slide. With the help of another clean slide, the 
material was stretched into a fine film and the slide kept 
for few minutes to be dried. Four slides were made for 
each patient. 
Fixation { 
The slide was then fixed in 95% methanol for half an 
hour. The cells were stained with 2% aceto orcein prepared 
within a fortnight. About l gm of orcein powder was mixed 
in 50 ml of acetic acid (30 ml acetic acid + 20 ml distilled 
water) solution. The powder was then roughly mixed on a 
magnetic stirrer for an hour. The solution was poured down 
filtered and kept over night. On the tomorrow, the contents 
were kept in a bottle and used for staining. The Wattman's 
filter paper was used to refilter the solution at the tine 
of staining. 
Observation j 
The slides were studied under oil immersion and 
number of cells showing Barr-bodies were counted. Around 
100 cells were counted for each case. 
For drumsticks, the elaboration was done on staining 
with Giemsa, Polynrorphonuclear leucocytes with knobs were 
searched and the number of cells found positive were 
recorded. More than lOO cells were counted for each case 
and percentage noted. 
Results : 
The details of the samples put for culture are presented 
in table 1. This, of course, includes various cases for 
genetic disorders, and also some cases for standardization. 
No list is given here of the controls used for acrocentric 
studies, A total number of 50 cultures were put of which 18 
cultures were put for standardization -for various 
purposes viz. chromosome preparation, banding, standardi-
zation for SCE etc.. Twelve cases conprised infertility, and 
Kleinefelters, 2 ca.ses each for amenorhoea one case each of 
dysmorphic features, congenital abnormal child, Klippel-Feil, 
Syndrome suspected Turner^ Fragile site for mental retar-
dation, and finally 11 cases of Downs syndrome (Table 2) . 
A Jbok into the detailed description of the social 
background of the j)atients shows (Table 3) that muslims are 
represented more than the Hindus (38:12), the cases of 
Sampl 
S.No. 
Kl 
K2 
K3 
K4 
K5 
K6 
K7 
K8 
K9 
KIO 
Kll 
K12 
K13 
K14 
K15 
Kl6 
K17 
Kl8 
K19 
K20 
K21 
K22 
K23 
K24 
es ( 3f the 
Age 
21 
22 
21 
21 
2 
Yrs 
yrs 
y£-s 
yrs 
yrs 
1V2 mth 
17 
21 
21 
22 
23 
25 
25 
8 
20 
25 
25 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
mth 
yrs 
yrs 
yrs 
1V2 mth 
35 
25 
30 
2 
7 
7 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
Table -
: referred 
Sex 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Female 
Female 
Female 
Male 
Female 
Female 
Male 
Male 
Male 
Male 
1 
and I other cases put for 
Married M/ 
Unmarried U 
U 
U 
U 
U 
U 
U 
U 
u 
u 
u 
u 
u 
u 
u 
u 
M 
M 
U 
M 
M 
M 
U 
U 
u 
Ethnic 
status 
Muslim 
Muslim 
Muslim 
Muslim 
Hindu 
Hindu 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Hindu 
Hindu 
Hindu 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
wood culture 
Cause for 
referrals 
Standardization 
(1 
n 
II 
Downs syndrome 
II II 
Standardization 
II 
N 
M 
II 
n 
M 
Downs syndrome 
Infertility 
n 
u 
Downs syndrome 
Infertility 
II 
II 
Downs syndrome 
II n 
Mentally retarded 
K26 
K27 
K28 
K29 
K30 
K31 
K32 
K33 
K34 
K35 
K36 
K37 
K38 
K39 
K40 
K41 
K42 
K43 
K44 
K45 
K46 
K47 
K4 8 
K49 
K50 
25 yrs 
25 yrs 
7 yrs 
28 yrs 
25 yrs 
6 mth 
24 yrs 
28 yrs 
8 mth 
11 mth 
7 yrs 
11 yrs 
17 yrs 
30 yrs 
8 mth 
22 yrs 
35 yrs 
25 yrs 
21 yrs 
7 yrs 
30 yrs 
35 yrs 
21 yrs 
24 yrs 
One week 
FemalC! 
Female 
Fema le 
Female 
Female 
Female 
Male 
Male 
Male 
Female 
Female 
Female 
Female 
Female 
Male 
Male 
Male 
Female 
Male 
Male 
Female 
Male 
Male 
Male 
Female 
M 
M 
U 
M 
M 
U 
U 
U 
U 
U 
U 
U 
U 
M 
U 
U 
M 
U 
U 
U 
M 
M 
U 
U 
u 
Hindu 
Muslim 
Muslim 
Hindu 
Muslim 
Muslim 
Muslim 
Hindu 
Hindu 
Muslim 
Muslim 
Hindu 
Muslim 
Muslim 
Hindu 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Hindu 
child born in preceed-
ing pregnancy 
I n f e r t i l i t y 
I n f e r t i l i t y 
Mult iple congenital 
Malfoimation 
Kl ippel -Fei l Syndrome 
I n f e r t i l i t y 
Secondary I n f e r t i l i t y 
Downs syndrome 
Standardization for SCE 
Downs syndrome 
Dyshmorphic features, 
left facial agenesis. 
Downs syndrome 
Turner syndrome 
Primary Ameneorrhea 
Sec. Ammeneorrhea 
Downs syndrome 
Klinefelter syndrome 
Klinefelter Mosaic 
T e s t of SCE 
n )i H 
Fragi le X 
I n f e r t i l i t y 
I n f e r t i l i t y 
Test for SCE 
U N M 
Downs syndrome 
Table - 2 
Class i f i ca t ion of c l i n i c a l cases and t h e i r frequency 
Types of Cases No. of cases 
1-v Standardization 
2. I n f e r t i l i t y 
3 . Ammeneorrhea 
4 . Downs syndrome 
5 . K l ine fe l t e r syndrome 
6. Dysmorphic features 
7 . Congenital Abnormalities 
8. Kl ipp^l -Fei l Syndrome 
9. Fragi le s i t e suspected 
10. Turner syndrome 
18 
12 
2 
11 
2 
1 
1 
1 
1 
1 
50 
Table - 3 
Social Background of the cases 
Male Female Tota l 
1. 
2. 
3. 
4. 
Ethnic Status 
Hindu 5 
Muslim 28 
Marital Status 9 
Children 9 
Unmarried 21 
Married 3 
Age Distribution lV2 mth 
Consanguinity Status 
Hindus 
Muslims 15 
7 
10 
6 
3 
8 
.-35 yr. 
12 
38 
15 
24 
11 
1 wk.-35 yr 
19 
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out 
unmarried individuals are more, 39/o£ which 18 alone are 
those of 
for standardization, and,/children are 15. Thus the total 
number of cultures' put for married individuals is 11, which 
exceeds the number of real referred unmarried cases 
majority of which are children. The range of the age of the 
individuals varies from l week through 35 years. However, 
the majority of the cases come around 20-25 years. Four cases 
of less than 1 year and, 6 cases of below 10 years are 
also reported. 
Cases for mental retardation are given in table 4. nil 
from 
of them except two are children/l week through 7 years. 
The age of klinefelters is more (exceed paediatric group!. 
We have two types of suspected conditions, v.z Downs (11), 
a re of 
and Klinefelter (2). Again muslln^/i^redominant. All/the cases 
are unmarried, except one Klinefelter's which shows marital 
status, 
of 
The results of chromosome analysis in all/the cases 
are presented in tat>le 5 (plates I, II, III, IV) . The karyo-
typic analysis confirms ii cases of trisomy, 21, 7 of which 
are male 47 XY + 21 and 43 are female, 47 XX + 21 (table 6 ) . 
This confirms the clinical diagnosis of nearly all Downs to 
be true. No cases of translocation Downs, nor of fragile 
sites was obtained.. Two cases (K41, K42) of Klelnefelter's 
wh i c h 
constitution 47 XXY are foundincludinp one case/represents 
mixed Klinefelter's (47 XXY/46 XYX, 60% the cells of which 
Tal:)le - 4 
Samples put for blood c u l t u r e for cases of Mental 
Retardation 
S.J 
1. 
2. 
3. 
4. 
5. 
6.. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
No. 
(K^) 
(Kg) 
(K,4 
'^18 
^^22 
(K23 
(K3^ 
(K34 
(^6 
(K40: 
(K4,: 
(K42] 
^^50^ 
Age 
2 yrs 
172 mth 
) 8 mth 
) 1V2 mth 
) 2 
) 7 
> 6 
) 6 
) 7 
) 8 
22 
35 
yrs 
yrs 
mth 
rath 
yrs 
mth 
yrs 
yrs 
One 
week 
Sex 
Male 
Male 
Male 
Male 
Male 
Male 
Female 
Male 
Female 
Male 
Male 
Male 
Female 
Marital 
condition 
Unmarried 
N 
It 
n 
M 
M 
n 
•• 
n 
H 
n 
Married 
Unmarried 
Ethnic 
status 
Hindu 
Hindu 
Muslim 
Muslim 
Muslim 
Muslim 
Muslim 
Hindu 
Muslim 
Hindu 
Muslim 
Muslim 
Hindu 
Cause for 
referral 
Downs 
Downs 
Downs 
Downs 
Downs 
Downs 
Downs 
Downs 
Downs 
Downs 
syndrome 
syndrome 
syndrome 
syndrome 
syndrome 
syndrome 
syndrome 
syndrome 
syndrome 
syndrome 
Klinefelter 
syndrome 
Klinefelter 
syndrome 
Downs syndrome 
Tab LB - 5 
Results 
S.No, 
Kl 
K2 
K3 
K4 
K5 
K6 
K7 
K8 
K9 
KIO 
Kll 
K12 
K13 
K14 
K15 
K16 
K17 
K18 
K19 
K20 
K21 
K22 
K23 
K24 
of 
Ag< 
21 
22 
21 
21 
2 
ehrorao 
e 
yrs 
yrs 
yrs 
yrs 
yrs 
lV2 mth. 
17 
21 
21 
22 
23 
25 
25 
8 
20 
26 
25 
IV 2 
35 
25 
30 
2 
7 
7 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
mth 
yrs 
yrs 
yrs 
! mth 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
some Analys 
Sex 
Male 
Male 
Male' 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
i^ale 
Male 
Female 
I'emale 
Female 
^ale 
I'emale 
Female 
Kale 
Male 
Male 
Male 
lis (Total Cases) 
Karyo type 
46 XY 
46 XY 
46 XY 
46 XY 
47 XY( + 21) 
47 XY+(21) 
46 XY 
46 XY 
46 XY 
46 XY 
46 XY 
46 XY 
46 XY 
47 XY(-t 
46 XX 
46 XX 
46 XX 
47 XY( + 
46 XX 
46 XX 
46 XY 
47 XY(+ 
46 XY 
46 XY 
•21) 
21) 
21) 
Abnormality, if any 
Niimerically Normal 
Numerically " 
Numerically " 
Numerically " 
Down syndrome 
Down syndrome 
Numerically N ^^ j 
Numerically n 
Numerically " 
Numerically • 
Numerically « 
Numerically »  
Numerically n 
Down syndrome 
Numerically Normal 
Numerically u 
Numerically * 
Down syndrome 
Numerically Normal 
Numerically " 
Numerically " 
Down syndrome 
Numerically/Fragile 
suspected 
Numerically N^ 
K25 
K26 
K27 
K28 
K29 
K30 
K31 
K32 
K33 
K34 
K35 
K36 
K37 
K38 
K39 
K40 
K41 
K42 
K4 3 
K44 
K45 
K46 
K4 7 
K48 
K49 
K50 
K51 
K52 
25 
25 
25 
8 
28 
25 
6 
24 
28 
8 
11 
7 
11 
17 
30 
8 
22 
35 
25 
21 
19 
30 
35 
21 
24 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
mth. 
yrs 
yrs 
mth 
mth 
yrs 
yrs 
yrs 
yrs 
mth 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
yrs 
One week 
30 
3 
yrs 
yrs 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Male 
Male 
Male 
I'emale 
Female 
;?'emale 
Female 
Female 
Male 
Male 
iiale 
Female 
Male 
Male 
Female 
Female 
Male 
Male 
Female 
Female 
l^emale 
46 
46 
46 
46 
46 
46 
47 
46 
46 
47 
46 
47 
46 
46 
46 
47 
47 
47 
46 
46 
46 
46 
46 
46 
46 
47 
46 
46 
XX 
XX 
XX 
XX 
XX 
XX 
XX( + 21) 
XY 
XY 
XY( + 21) 
XX 
XX(+21) 
XX 
XX 
XX 
XY(+21) 
XXY 
XXY 
XX 
XY 
XX 
XX 
XX 
XY 
XY 
XX( + 21) 
XX 
XX 
Numerical ly roru. a 
Numerica l ly • 
Numerical ly >• 
Numerical ly • 
Numerical ly * 
Nxomerically » 
Down syndrome 
Numerical ly Normal 
Numerical ly •• 
Down syndrome 
Numerical ly Noririe'l 
Down syndrome 
Numerical ly Normal 
Ni;imerically •• 
Numerical ly " 
Down syndrome 
K l i n e f e l t e r syndrome 
K l i n e f e l t e r syndrome 
Numerical ly Nornr^l 
Numerical ly " 
Numerical ly " 
Numerical ly " 
Numerical ly " 
Numerical ly " 
Numerical ly •• 
Down syndrome 
Numerical ly Norm?]. 
Numerical ly " 
Table; - 6 
R e s u l t s o f chromosome a n a l y s i s i n m e n t a l l y r e t a r d e d c a s e s 
S.No, Age Karyo type Abnormality 
2(V 
3(K 14 
4(K 18 
5(K 22 
6(K 23 
7(K 31 
8(K 34 
9 ^ ^36 
IOCK^Q) 
IKK^^) 
I2CK42) 
I3CK5Q) 
2 y r s 
IV2 mth 
8 mth 
IV2 mth 
2 y r s 
7 y r s 
6 m t h . 
8 mth 
7 y r s 
8 mth 
22 yrs 
35 yrs 
One week 
Male 47 XY (+21) 
Male 47 XY (+21) 
Male 47 XY (+21) 
Male 47 XY (+21) 
Kale 47 XXY 
Kale 47 XXY 
Down syndrome 
Down syndrome 
Down syndrome 
Down syndrome 
Male 47 XY (+21) Down syndrome 
Male 47 XY (+21) Down syndrome 
Female 47 XX (+21) Down syndrome 
hale 47 XY (+21) Down syndrome 
Female 47 XY (+21) Down syndrome 
Kale 47 XY (+21) Down syndrome 
Klinefelter syndrome 
Klinefelter syndrome 
Female 4 7 XX (+21) Down syndrome 
I . Karyotypes shovd nq a male Down. 
I I . Karyotype sho\Ainq a female Down. 
n 
II 
II 
• • 
F 
II 
A 
•€ 
It 
D 
M 
X 
11 
M 
iliii 
B 
II II II 
•i it 
E 
- 2 1 -
G 
ft 
• < 
1 
X 
1 
Y 
f 
1 
», 
* 
i 
M 
II 
• • 
F 
^^ ^^ ^^ ^^ . 
A 
II 
• • 
D 
if 
n 
11 
• • 
H 11 
B 
il II II 
c 
11 ai 
E 
• # 4 i 
-21-
G 
-|H^^H 
II II 
X X | 
*• j 
I I I . Karyotype o" a K l i n e f o l t e r c^se 
IV , Pho toqraph of t h e f-->C(? of a OO'ATI m^lo chi l : f 
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show K l i n o f e l t e r ' s s t a t u s ) . 
Sex-chrom^tin s t g t u s of the Kl c ine f i l t e r s shows va lues 
nea re r the con t ro l normal fem;?! o s . which in prespnt case i s 
around 15,"^  for B a r r - b o i i e s , and 2 . 7 ^ i n Drumsticks case of 
(Table 7 ) . 
A look of th<? 'Tqe p a t t e r n of the parents of Downs 
reveal the maternal aqe to range from 27 years through 
(Table 8) 37, the same for f a t h e r ranges from 29 t o 4 0 . The 
average age of the mother i s thus 32.53 ( ^^ 33) y r . , while 
t h a t for f a t h e r i s 35,6 ( ' '•^SS) y r . The average of the mean 
p a r e n t a l age i s around 34 y e a r s . No parents of the age 
below 20 years i s recorded for any of the c o n s c r i p t u s h e r e . 
The p a r i t y o r i o r of t he p a t i e n t s (Table 9) v.^ry from 
3rd t o 5 th ch i ld in our c a s e , a l l except one (K 36) belonged 
t o the l a s t c h i l d (about 9 1 ^ ) . I " two cases (K3i and K50), 
the b i r t h of Downs was preceoded by two cases of abor t ions 
(Table i O ) . The t o t a l number of s i b s h i p v a r i e s from 2 t o 7 , 
the numbers showing male t o female s i b s vary from 3 , to 1-4 
for males and females r e s p e c t i v e l y . The average number of 
s i b s h i p i s thus 3 .8 , 2 . 0 and 1.8 ( t o t a l s , male female) thus 
male b i r t h s exceeding female ones as i s u s u a l . From Table 8 
(back) i t i t s e l f appears the average p a r i t y s i z e i s 4 t h . 
The d e t a i l s of the frequency of Downs in terms of 
mothers age are sho'^'n i n Table H . The maximum nvimber of 
Table-7 
oex-Chromatin s ta tus amonq the control females and Kl inefe l te r 
6,hlo, 
i . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
3 . 
9 . 
i O . 
i i . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 3 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
Age 
2 0 
25 
25 
35 
25 
25 
2 5 
2 6 
8 
2 8 
25 
6 
iJr 
7 
11 
17 
30 
25 
30 
One 
30 
22 
35 
y r . 
y r . 
y r . 
v r . 
y r . 
y r . 
y r . 
y r . 
v r . 
y r . 
y r . 
month 
month 
y r . 
y r . 
y r . 
y r . 
y r . 
y r . 
? week 
y r . • 
y r . 
y r . 
Sex 
Female 
n 
• 
« 
n 
M 
n 
N 
0 
n 
n 
n 
<« 
ri 
II 
« 
M 
It 
H 
It 
« 
Male 
Male 
No.of 
B a r r 
body 
12 
11 
9 
14 
14 
12 
13 
14 
9 
10 
12 
13 
1 1 
13 
12 
12 
13 
10 
14 
15 
11 
16 
14 
Barr Body 
No.of 
e e l I s 
75 
8 0 
7 0 
9 0 
100 
85 
37 
9 0 
74 
72 
82 
9 0 
7 8 
85 
85 
8 0 
86 
75 
95 
100 
7 0 
100 
9 0 
^ 
1 6 . 0 
1 3 . 6 
12 .9 
15 .6 
1 4 . 0 
1 4 . 1 
14 .9 
14 .6 
12 .2 
13 .9 
14 .6 
14 .4 
14.9 
15 .2 
1 4 . 1 
1 5 . 0 
1 5 . 1 
1 3 . 3 
1 4 . 7 
1 5 . 0 
15 .7 
1 6 . 0 
15 .5 
Dr 
No.of 
Drum 
s t i c k s 
3 
4 
2 
5 
7 
8 
4 
6 
5 
6 
4 
3 
8 
10 
A 
6 
3 
7 
4 
6 
5 
4 
3 
um s t i c k 
No.of 
c e l l s 
100 
9 5 
100 
130 
1 5 0 
2 0 0 
1 2 0 
L70 
1 2 0 
150 
14 0 
120 
2 1 0 
2 5 0 
130 
170 
15 0 
l d 5 
150 
130 
190 
1 5 0 
140 
% 
3 . 0 
4 . 3 
2 . 0 
3 . 8 
4 . 6 
4 .0 
3 . 3 
3 . 5 
4 . 1 
4 . 0 
2 , 8 
2 . 5 
3 . 8 
^ . 0 
3 .1 
3 . 5 
^ . 0 
3 . 8 
2 . 7 
3 . 3 
2 . 6 
2 . 7 
2 . 1 
Table - 8 
Age of the patients, parity order, and parental age at the 
time of birth of the patient. 
S.No. Age of the Parity Age of the parent(vr) 
patient order ^^^^^^ ^^^^^^ Mean (Yr) 
1 K{5) 2 yrs 4 35 38 36.5 37 
2 K(6) lV2 mth 3 34 36 35.0 35 
3 K(14) 8 mth 5 37 40 38.5 39 
4 K(18) 1V2 mth 4 36 39 37.5 38 
5 K(22) 2 yrs 3 33 36 34.5 35 
6 K(23) 7 yrs 4 30 35 32.5 33 
7 K(31) 6 mth 4 33 34 33.5 34 
8 K(34) 8 mth 3 28 29 28.5 29 
9 K(36) 7 yrs 3 27 32 29.5 30 
10 K(40) 8 mth 4 36 38 37.0 37 
11 K(41) 22 yrs 5 NM NM -
12 K(42) 35 yrs 5 NM NM -
13 K(50) One week 4 30 35 32.5 33 
Mean values 3 . 9 
- 4 
3 2 . 6 3 
^ 3 3 . 0 
3 5 . 6 3 4 . 1 4 
^ 3 6 . 0 ^ 3 4 . 0 
Table - 9 
Parity order of birth in cases of Down Syndrome 
Order of DS No. of families No, in which last 
child child 
1st 0 0 
2nd 0 0 
3rd 4 3 
4th 6 6 
5th 1 1 
6th 0 0 
7th 0 0 
11 10 
Percentage = 90 .9^ 
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Di-jwns are presented in the maternal ?qe 33-35 y e ^ r s , followed 
by t h a t in 36-38 y e a r s . The minimum cases of Downs ar? from 
paren t s i n the ^nr- qroup 27-29 and 3 9 - 4 1 , The av^raqe pa ren ta l 
^qe shows 33-35 y?=!r5 for the e n t i r e sample. The n=rrow ranqe 
in t h i s Var i a t ion m;3V be Hue t o lower sample s i z « . The nimbor 
of Downs ppr couple i s n a t u r a l l y one . The value of s ibs per 
couple v a r i e s from 3.6 t o 5 . 0 . There beinq lower number of 
s ibs per couple for aqe qroup 33-35 y e a r s . Est imates of Down 
per s i b per couple i s ,->qain shown to i n c r e a s e for the qroup 
33-35 years ( 0 . 2 8 ) . Number of Downs per normal c h i l d per 
couple i s .=)q;ain hi ;3hr>r in the ?qe qroup 33-35 years ( o . 3 8 ) . 
The Same t rend can be seen in the qr^ph presented herewith 
v i z . showinq absolu te number of cases ( F i a . l ) , frequency 
of cases ( F i q . 2 ) , porcentaqe of Downs b i r t h ( F i q . 3) and 
Downs per s ib per couple ( F i q . 4 ) . 
The s t ; i tus of consanquini ty amonq the par-^nts of 
p p t i e n t s are counted t o be 4 of which 2 cases •^'^present the 
paren ts of K l i n e f e l t e r ' s (Table 1 2 ) . 
Acrocent r ic Chromosome Assoc ia t ion (ACA) i s r^'port^d 
in Tables 13 =*nd 14. The frequency of c e l l s i n ac rocen t r i c 
chromosome i s around 65.2 jj" 8.5 , where ^s the number of 
a c r o c e n t r i c chromosome a s s o c i a t i o n s ranqe from 1.32 to 
i . 37 per c e l l , the evereqe per c^ll i s i . 3 5 . The s sn\9 values 
Table - 12 
Consanguinity status and sex-variation among the patients 
(Patient No) ^^^ ^ ^ Consanguineous Non-Consangui-
(C) neous ^NC) 
1 K(3) 2 yrs Male - NC 
2 K(16) lV2 mth Male - NC 
3 K{14) 8 mth Male C 
4 K(18) 1^ /2 mth Male - NC 
5 K(22) 2 yrs Male - NC 
6 K(23) 7 yrs Male - NC 
7 K(31) 6 mth Female C 
8 K{34) 8 mth Male - NC 
9 K{35) 7 yrs Male - NC 
10 K(40) 8 mth Male - NC 
11 K(41) 22 yrs Male C 
12 K(42) 35 yrs Male C 
13 K(50) One Female - NC 
week 
TOTAL 11 M a l e 4C 9NC 
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3 , Per c^nt cpses of the Downs born in ^.^ch p^ren-
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i . Pedigree of ^ male Oown (2 y r . ) . 
2 . Pediaree of ri female Down (6 months) 
3 . Pedigree of a K l i n e f e l t e r (22 yr) . 
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Pheno typ ic feature;? In cases of Downs Syndrome (Down syndrome 
n= 1) 
F e a t u r e s 
Mental Retardatior^ 
Flat facial featuies 
Oblique palpebral fissures 
Epicanthal folds 
Earm anomalies^ minor 
Flat nasal bridge 
Highly arched^ narrow palate 
Brachycephaly 
Flat occiput 
Dental abnormalities (small teeth) 
Short, broad neck 
Furrowed tongue (older- patients) 
Loose skin on posterior neck (infants) 
Congenital heart disease 
Duodenal obstruction 
Short limbs 
Short/ broad hands; short f inge r s , 
e spec ia l ly 5th 
Short middle phalanx of 5th f inger 
Single flexion crease , 5th f ingers 
Incursed 5th f inger 
Simian or t ransverse palmar crease 
Wide space between 1st and 2nd t o e s 
P l an ta r furrow between 1st and 2nd toes 
Dermatoglyphic features : 
10 ulnar loops or 8-9 wi^ h^ r ad i a l 
loop on 4th f inger 
Dis ta l ax ia l t r i r a d i u s 
Loop d i s t a l in 3rd i n t e r d i g i t a l space 
Arch t i b i a l in hallxical area 
Kyperex tens ib i l i t y /hype r f l ex ib i l i t y 
Hypotonia 
Absent Moro relfex in infants 
Case -fve 
No. 
11 
9 
8 
5 
6 
7 
7 
8 
8 
7 
5 
6 
9 
6 
1 
7 
7 
6 
2 
6 
6 
5 
3 
% 
99 
81 
72 
45 
54 
63 
63 
72 
7 2 
63 
45 
57 
81 
54 
9 
63 
63 
54 
18 
54 
54 
4 3 
27 
9 
6 
8 
6 
6 
5 
8 
81 
54 
72 
54 
54 
45 
72 
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for f a t h e r i s 66.7 to 73 .3 p e r c e n t , av^r^^qe 71.08 ^ 7 . 3 , 
thp ASA per c e l l i s 0,69 t o 0 .73 the mean 0 . 7 1 . The v,=.lues 
fo r mother can be seen t o be inc reased from 77.5 t o 85';^. 
The avorsqe i s 81.4 J- 6.7;^, the ACA per c e l l i s i .25 to 
1.30. The averaqe ACA i s 1 .23 . The s;ime values for c o n t r o l 
popula t ion vary from 65,i t o 72,^ (68.5 _+ 8.0 p e r c e n t ) ; 
av'^^aqo A^CA i s 0.6-3 to 0.70 ( 0 . 6 9 ) . This value for f a t h e r 
i s s i m i l a r (66 .7 to 7 1 . 4 ) , 69 .7 + 3.1,,^), 0.64 t o 0.67 (o .65) 
per c e l l . This value for mothers of con t ro l i s 67.5 t o 72.5 
( 7 0 . 4 / 6 + 7 . 2 ) anH 0.67 to 0.69 ( 0 . 6 8 ) . The mean counts thus 
seem to be inc reased in case of Downs and mothers of Downs, 
as compared H'ith tne r e s t of the c a s e s . However, none of the 
d i f f e rence look s i q n i f i c a n t s owing t o the 1 =rne 5tanH;=rd 
e r r o r s appe^rina duo to m,->inlv to small-^r number of c ^ H s 
(25-40) recorded for observinq ACA. Errv^rs in p^rc'^ntaae 
of c e l l s showing AC^v are l a r q e ( 3 - l O ^ ) . The s?mp c^n be 
Said f o r ' t h e number of a s s o c i a t i o n s per c e l l . The d i f fe rence 
did no t reach s i a n i f i c a n c e owinq to sm;:)ll sample s i z e . 
The d e t a i l s of the c l i n i c a l p r o f i l e as ores'^nted 
h«re (Table 15) show d i s t r i b u t i o n of va r ious t r . ^ i t s in 
p a t i e n t s which v a n ' from 9'x> i n case of iuodon^l o b s t r u c t i o n 
t o mental r e t a r d a t i o n 99 u. Th^ Asymonetry of h '^ t^ rcq^nic i ty 
with in the sample of f ;at ipnts i n t h i s req=ird not qu="^tita-
t i v e f ea tu res of the -'c-rmatoolyphics are provided . 
- i04 -
4 , Discussion 
The s tudies of mental r e t a rda t ion in India have been 
done mainly by medical group-; (Manchanda e t al. 1958; Ghosh 
and Mohan 1962, Narayanan e t al. 1978, Chaudhry and Chaudhry, 
1966; Srivastava Ra-o e t a l 1973, Thomas 1979; Talukdar 1977; 
Datta et, al^  1982), helped by bas ic s c i e n t i s t s and technic ians 
in e s t ab l i sh ing diagnosis (Agarwal 1986). The nature of 
s tud ies extend from c l i n i c a l , l abora to ry , f i e l d t o i n s t i t u -
t iona l i zed i nves t i ga t i ons , repor t ing var ious types of 
d isorders and t h e i r incidence (Talukdar 1983). These are 
mostly financed s tudies , involving bigger set up, and done 
in big hosp i t a l s (Verma 1986). The f indings are compared 
with foreign s tud ies (Verma 1973) and l i m i t a t i o n s are high-
l igh ted (Marimutliu 1986) . Various s e r i e s are reported and 
i n t e r - s e r i e s comjDarisons are also presented within India 
(Verma 1986). 
Verma (1^90) has d i s t inguished two grades of mental 
r e t a rda t ion v i z . mild mental r e t a rda t ion (IQ, 50 t o 75) 
comprising 75% of the cases , coming mainly from lower SES 
(Verma 1SJ75.), or due t o c u l t u r a l depr iva t ion , and severe 
cases (IQ<;^50) rcipreaenting 25%. Twenty per cent of the 
l a t t e r alone i s due t o environmental I n s u l t s , and 10% may 
be due t o b i r t h eisphyxia, while 50% are of unknown ae t io logy , 
perhaps by gene t i ca l ly determined polygenic d i sorders 
(Roy e t al, 1980; Shamia and Sharma 1982; Sharma and Talukdar 
1974; Sharma e t &!__ 1983) causing id iopa th ic mental re ta rda t ion 
- i05 -
qrri bpnc? best. stu-Ued by poHiqree. Of ths rom^^ininq 20:^ 
of the severe c?>".esi, the s^nqje qpne d i s o r H t r s , thouah r^re , 
^re involved in m^ny r.>ss'i, mainly in rTiet;>bolic d i sorder? 
(Joshua 197^; R.to et j i 1975; Puri e t _al 1979) . N'pjori ty 
of Lhis fp l l under pheny lke tonur i a , tuberous s c l e r o s i s , 
p^urof ibromfl tos is . Such cpses are more frequent i n cons^n-
ouin.^ous b ? l t s m^i'"ly in Hindus of South India :*nd V.uslirns 
of North India (Ran;,--' D.^ vi e t _ ^ . , 1937) . 
Chromosomal d i s o r d e r s , thouqh next only to polycenic 
are common but d i f f i c u l t t o be undertaken due to l ack of 
f a c i l i t i e s . E a r l i e r s t u d i e s r epor ted very lov" inc idance 
( l i .5/to i nc idence ) cf chromosomal defects in i n s t i t u t i o n s 
of \A;hich 9.5/41 were Downs Syndrome (Talukd^r and oharr-^, i 97v ) . 
In a s e r i e s of 666 p a t i e n t s (Vorma ^t _aJ^  1979; the f ranusrcy 
of t r a n s l o c a t i o n Downs was more (6.2>l») i n the- c^tooorv of 
maternal age below 30 y e a r s , while i t was l e s s (i.l/<>) in 
maternal ^qe beyond 30. I t means t h e t r a n s l o c a t i o n a l occu r r -
ence of the Downs i s independent of the aae of the mother, 
which becomes impor tant in c?se of ?nouploidy ( f r e e t r isomy 21) 
In our s e r i e s , no t r a n s l o c a t i o n i s r e p o r t e d , -^ nd '^-nre i t can 
not be compared from e l sewhere . 
A s i q n i f l c p n t aspec t of mental r e t a r d a t i o n i s qene t i c 
c o u n s e l l i n q , whicb i s i n c r e a s i n q l y becominq impor tan t even 
i n India (Di rec to ry of Genetic Services i n Ind ia 1977). The 
use of anini ocentesis in predicting birth of normal child 
is coupled with medical termination of pregnancy, which 
is not opposed in India (Verma 1960, 1978) though, it may 
be opposed by the minorities (the muslims and christians). 
Active counselling (Verma and Bhatt, 1979) Carter in London 
and Fraser in Montreal) is in direct contrast with directed 
counselling (Emery.1974 ). 
The role of risk factor is always called for in genetic 
counselling. The age of the mother (Penrose 1933; 1954) and 
consanguinity are among many of such factors. In a study by 
Verma et_ ad 1975; mothers aged 35 years at conception contri-
buted 35% of the cases of Downs, while the same age group of 
mothers contributed 65% of the total normal births. Our 
figure here is too small to be compared, though still some 
trends are seen. The highest category of maternal age contri-
buting to Downs is 33-35 yrs (45%), followed by 36-37 years 
(27%), while tbose of other age groups contribute 9% each. 
Thus about 32% of Downs is produced by women post 33 years. 
Unfortunately, we have no controls* Any control popula-
tion for normal birth can not be ascertained except when 
the total birth in a neonatal clinic cases are to be recorded, 
from which also Downs cases are sampled. Ours is a totally 
referred group of mentally retarded individuals, taken as 
isolated cases, and thus do not form any series; done only 
to test the karyotypic nature. Hence no control is provided. 
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However, with a biased sample as th i s the information 
yielded from -the data can be put t o ques t ion . The increasing 
t rend in frequency of Downs b i r t h in mothers aged 33-35 may 
be accredi ted not only t o higher age group of the mother, 
but a lso t o highest frequency of mothers presented in t h i s 
age group (5) in the present sample (n= 11) . To fur ther 
c l a r i fy t h i s , the number of s ibs per couple was ca lcu la ted 
from each age category and a l so frequency of Downship/sib 
and Downship/normal s i b , were a sce r t a ined . Thus while the 
t o t a l s ibship goes down in the r i s k group aged 33-35 (3.5 
per couple for other age groups i t i s 4.8) the share of 
on ly) . 
Down/sib goes up (0.6^for o the r s 0 .4 / This c e r t a i n l y speaks 
of a higher contr ibut ion by mothers of the age group (33-35 
years) even in the present sample. 
In almost all of the cases, the parity is the last one 
i.e. 4th. This is similar with a study by Verma (1975) in 
which 86.5% of the Downs belonged to the last parity. In our 
case, no first child is found to be Down, though in the 
study referred above, 24.7% of the families had Down as the 
first born. The prepondarance of higher number of males 
among Downs in the present sample is also reported elsewhere, 
though without known reason (Evans et^  al^  1978; Bernheim et_ a]^ 
1979; Sutherland et_ al_ 1979; Isace 1981, Afzal and Verma 1987) 
The comparison with Western population, is all the more 
striking. Women past 35 years of age contribute to the 
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highest frequency outs ide India (56,8:,x in VJestern countr ies 
AS.6% in Central and South America and 49.9 in South East 
Asia, Verma 1975) . This i s ascr ibed t o the r e l a t i v e l y g rea te r 
e a r l i e r marriages in India as compared t o the Western l o t . 
Thus in the West, women beyond 35 years 6f age are ca l led 
for amniocentesis and terminat ion/ in India , women past 
30 years are t o b3i monitered for t h i s pregnancy, so as t o 
minimize Downs b i r t h by s e l ec t i ve t e rmina t ion . 
Most of thes(2 cases show trisomy 21 (Chowdhuri e t aj^ 
1970, Kucheria 1974, Phadke e t a l 1975). The incidence fal^ s 
t o be 1.09, 1000 in a compilation of r epor t s of 66684 b i r t h s 
(Verma 1978), Translocat ion occured in 6.9% of t h e cases, 
only 1.2% of the kdr ths occured in mothers ^ged 30 yea r s . 
Correlat ion with background i r r a d i a t i o n (Kochupillai et. a^ 
1976), hypothyroiclisiTi (Verma and Ghai 1971), time of b i r t h 
(Talukdar 1977, Shaxma and Talukdar 1979) e t c are o ther 
fac to rs associa ted wi th . 
While assessing cases of congenital defects among new 
boms (Chandra and Har i la l 1978) an incidence figure of 1.07/ 
1000 b i r t h s was es t imated. A s ign i f i can t aspect of b i r t h of 
Downs i s t h e i r r i s k due to consanguinity 1.33/1000 b i r t h s 
in consanguinieous against 0.5/1000 b i r t h s in non-consangui-
i s 
neous unions (Puri e t a l 'I'^Si ) .This probably/due to t h e i r 
ro le in causing non-disjunction (Abbo e t a l 1966, Hsu et a l 
1970, Alfi e t a l 1980) although t h i s i s contradic ted by others 
.•39 -
(Matsunaga 1966, Kwiterovich _et _al 1966) , The ne t f i gu re 
was f i n a l i z e d was about 1/800 b i r t h from I n d i a (Verma 1978) . 
F igures a l s o range from 0.34 t o 1.6/1000 (Talukdar and 
Shaima 1979; Ta lukdar 1983; Verroa and Mathews 1983) . F a m i l i a l 
mental r e t a r d a t i o n and c o n s a n g u i n i t y ( S i n c l a i r 1972) and 
consangu in i ty a s a cause in menta l r e t a r d a t i o n (Joshna 1974) 
a r e a l s o t h e r e . Our smal l sample I s not s u f f i c i e n t t o show 
t h e r o l e of consangu in i ty h e r e . 
r e f e r r a l ' 
The t o t a l casGS of Down a s r e p o r t e d in ou r sample of/ 
c o n s t i t u t e 28% (35% i n c l u d i n g K l e i n e f e l t e r ) , a t r e n d which 
i s s i m i l a r wi th o t h e r l a b o r a t o r i e s i n I n d i a (39%, 1405/3806) . 
Da t t a et. a l (1989) , Of t h i s , g e n e t i c causes a r e confirmed in 
T\e re only 
a l l (100%)/as t h e p a t i e n t s are a l l Down; t h i s i s / a b o u t 76% 
in the earlier case. In the same study, cases attending 
Neurological unit were very large (10923) of whom only 466 
(4.28%) were of mental retardation. 
The incidence of the genetic component in the causation 
of mental retardation is well reported abroad (Alley and 
Grace 1979; Funderbruck et_ al 1978; Jacobe et. al_ 1978) and 
found to range from chromosomal to genetic disorders (Galjaard 
1980; Vogel and Motulsky 1979) . Trisomy 21 is usual cause in 
School going children also (Datta et^  al^  1984) . For the age 
distribution pattern of parents, lower parental age is seen 
in cases of mental tetardation other than Downs, maternal age 
- i i O -
i s Seen t o be more Important. The average age of diagnosis 
was 10.5 years (11-15 years) in an e a r l i e r study*in our 
case t h i s i s around 1 year (range i s 1 week to 2 y e a r s ) . 
Our cases of autosomal abe r ra t ions i s 84.6%, while sex-
represent 
chromosome aber ra t ion /only 15.4%. This i s qu i t e d i f fe ren t 
from the e a r l i e r study, being 3.2-3.9-4%. This may again 
be a t t r i b u t e d t o a smaller sample s i z e . One case of suspected 
f r ag i l e s i t e of mental r e t a rda t ion was not detected t r u e . 
The cause remains obscure; the p o s s i b i l i t y of chromosomal 
breakage, increased a c r o c a t r i c a s soc ia t ion , C-band he te ro -
morphism, a t t r i b u t e d elsewhere (Sankaranarayanan 1970; 
Sulherland, 1982) could a lso be c a l l e d . 
There are enough repor ts for sex-chromosomal anomalies, 
as reported from sex-chromatin a n a l y s i s . The evident cause 
for r e f e r r a l s are mental and physical r e t a rda t ion , subfert-i-
l i t y , hypogonadism and sexual i n f a n t i l i s m . Our sample 
represents only two cases of abnormality - i<:leinefelter and 
mixed Kle inefe l te r (15.4%), a f igure lower to the 30% of the 
cases in average of the sex-chromatin abnormality of d i f fe ren t 
s tud ies in India (Talukdar 1983). The indiv idual study by 
Datta e t a l (1973) has recorded around 8% of the anomalies in 
mental r e t a r d a t e s . Our sample i s too biased to show proximity 
with any r e s u l t . Another study by Datta ^ t jQ (1989) has 
study of 
reported about 4 years of/sex-chromosomal d i s o r d e r s . Other 
— ' ' 1 
reports of sex-chromosomal anamalies relate with different 
reference groups viz, newborns (Naik and Shah 1962, Verma 
1978, Majumdar et al 1975) , primary ameneorrhea (Hiremath 
et al 1980/ ChaXravarthy 1978, Pavri et al 1976), sub fertile 
(Sen and Thombre 19/1) , psychiatric cases (Dutta et al 1982, 
Dasgupta et a^ 1973, Verma et jJL 1978) . One case here was 
that of hypogonadism, in a male which happened to be 
kleinefelter, this has also been reported by Kucheria et al 
1978, Dattaet al 1983. 
As regards the frequency of Barr-bodies shown here 
the values of the control correspond to values shown in 
earlier studies (viz, 15% in Ahuja e^ aJ. 1979, 1982) . The 
frequency of sex-chromatin in kleinefelter are said to be 
similar to narrmal females,which is reported earlier also. 
The major cause of aneuploidy is non-disjunction of 
chromosomes. However, the role of Acrocentric chromosome 
association is also sometime highlighted to explain the 
possibilities of this phenomenon (Ferguson-Smith and Hand-
as it 
maker 1961, Ohno et ajL l96l)yalso cause, tendency to form 
Robertsonian translocation. The value of the mean number of 
satellite chromosome association per eell in case of Downs 
and mothers of Dovms are studied elsewhere ^Hansson 1979, 
Zank and Nagel 1980, Zellweger et_ al_ 1966, Tajsi 1973, 
Krishnamurthy and Ambani 1981, Mathei et al 1974) . Other 
- iU 
slurries report inr i t h i s in r^J •'tion to t r ^n-^loc t i on -r^ ^i''-o 
the re (Mikkel son j3_L j_l . L975 , Kri':^hnp fv.urthv LW J ) . Incroi=q?-i 
frequ6>ncy of ACA I s d i r e c t l y the r e s u l t of a c t i v i t y of r-RNA 
qenes (Evan et j l . - 1974, H s u j t ^ . 1975, Houqhton 1979), which 
can be f u r t h e r s tud ied by _in s i t u h y b r i d i z a t i o n (Perdue _et _2l 
1975) and s i l v e r sl.;>ininq (Goodpasture and Bioorr, 1975). This 
may throw some l i q h t on p^robable qenes involved in aneuploidy. 
Our r e s u l t s here arp not showinq s i q n i f i c a n t l eve l of 
d i f fe rences due t o =;mal.ler samples of c e l l counted the d e t a i l e d 
obse rva t ions w i l l t e of much he lp in r e s o l v i n g t h i s problem. 
On the whole, tfie p re sen t study shows the beginning 
toward s tudying the problem of mental r e t a r d a t i o n i n t h i s par t 
of the c o u n t r y . M^ny l i m i t a t i o n s , however, are encountered, 
the low number r e f e r r a l s , lack of s p e c i a l i z e d t r a i n i n g , orqa-
nized i n f r a s t r u c t u i p , and, sometime lack of c o - o r d i n a t i o n ^nd 
coopera t ion amonq the peop le . The p r a c t i c e of consangu in i ty 
may be showinq a p o t e n t i a l i t y for approaching gene t i c d i s -
o r d e r s , most of these being s i n g l e gene nature o r po lygen ic . 
For chromosomal d i so rdp r , too t h i s may be impor tan t but do not 
Seem to be of q r e a t ^ r degree h e r e . The p r e s e n t , t h e r e f o r e , 
i s a s t e p ahpad toward s tudying c l i n i c a l gene t i c s and cy to -
g e n e t i c s in t h i s pa r t of the c o u n t r y . 
SUMMARY 
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5unnm,gry ^nd L i m i t a t i o n s : 
The p resen t stu-iy i s an a t tempt to p r o f i l e qene t i c 
f a c t o r s in mental r e t a r - i a t i on at A l i q a r h . The sub jec t s ^re 
All r e f e r r a l s from th^ o u t p a t i e n t departments of J .N, V.pdical 
Co l l eqe , A l iqa rh . Most of the s u b j e c t s comprise p a e d i a t r i c 
q roup . Pre l iminary c l i n i c a l ^nd cy togene t i c i n v e s t i g a t i o n s 
were made. Almost a l l the cases of Downs are confirmed by 
l a b o r a t o r y d i a g n o s i s . Two cases of K l e i n e f e l t e r ' s are a l so 
r eco rded . Howeve]: the following obse rva t i ons are r eco rded : -
(1) All cases of EX-)wns are found t o be free t r i somy 2 1 , 
47 ,XY, t2 i o r 47,XX,+21. 
(2) Two cases of K i e i n e f e l t e r s (47XXY) i n c l u d i n g one mosaic 
(47,XXY/56XY} are a l so r eco rded . 
(3) More males than females are repor ted among Downs. 
(4) Mental r e t a r r a t i o n are s eve re , o t h e r phenotypes of Downs 
are a l so consp icuous . 
(5) The mothprs aged 33-35 years gave b i r t h t o rraximum number 
those / 
of Downs, followed by/agei 36-38. Fathers ^qe follow more 
or l e s s the sar(:e p a t t e r n . 
(6) All downs belonged to the l a s t p a r i t y ;^ t the t ime of t h e i r 
t aken 
birtht=it the time of i n v e s t i g a t i o n / b y t h e i r par '=nts) . 
(7) The average p a r i t y of the Downs i s 4 t h . 
(8) Acrocen t r i c chromosome Assoc i a t i on i s found t ' - ' i ncreaseH 
among Downs and t h e i r mothers as compared to normal 
i n d i v i d u a l and t h e i r pa e n t s , however, due to sma l l e r 
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nunber of c e H s s t u d i e d , the l e v e l of s i g n i f i c a n c e i s 
not reached . 
The study i s showing many l i m i t a t i o n s , which c^n be 
taken i n t o c o n s i d e r a t i o n for fu ture programrres ; -
tho 
(1) The source o f / sub jec t s (number of r e f e r r a l s ) i s extremely 
l i m i t e d . This may be due to l a c k of c l i n i c s , l e s s a t t e n -
the dance o f / p a t i e n t s , non-awareness with the l a b o r a t o r y o r 
r e h i b i l i t a t i o n f-icili ty^ or even i n t e r e s t of the s t a f f s , 
when r e f e r r a l h o s p i t a l i s c o n t a c t e d . 
(2) Small number of p^^tients makes the study extremely l imi t ed 
for s t a t i s t i c a l a n a l y s i s , and more i n t ' ^ r e s t i nq i n v e s t i g a -
t i o n s l i k e det,:^iled anthropometr ic and dermatogiy j^hic 
aspec t s could a l so be looked i n t o . 
(3) Popula t ion survey and wide c o n t a c t s may oe needed fo r 
e l abora ted s t j d y . 
(4) Single gene d i so rde r s l i k e inborn e r r o r s of metabolism, 
polygenic and o thpr problems can be r e f e r r ed only through 
c l i n i c s or f i e l d s t u d i e s . 
(5) More i n f r a s t r u c t u r e i s needed (eguipments and manpower). 
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